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 Exopolysaccharides (EPSs) producing marine bacteria were isolated from 
specimens collected from the coastal areas in Thailand. Seventy six isolates showed the colony 
characteristics with ropiness on modified Yeast Peptone medium (YPM), Seawater medium 
(SWM) and Zobell marine broth (ZMB). Among seventy six isolates, only five isolates were 
found to produce a significant amount of exopolysaccharides (2.45 } 3.05 g/g dry cell weight) 
recovered from the culture supernatant by ethanol precipitation. All five isolates were identified 
based on the morphological, physiological characteristics and 16S rDNA sequences. Isolates 
CNEP003, CNEP071 and CNEP070 were closely related to Bacillus amyloliquefaciens NBRC 
15535T with similarity of 99% (1416/1421) whereas strain CNEP012 was closely related to 
Bacillus subtilis NBRC13719T with similarity of 99% (1434/1441). Strain CNEP079 was    
related to Pseudoalteromonas ganghwensis FR1302T with similarity 98% (1391/1418).         
When cultivated in YPM medium, B. amyloliquefaciens CNEP003, P. ganghwensis CNEP079,  
B. amyloliquefaciens CNEP071, B. amyloliquefaciens CNEP070 and B. subtilis CNEP012 
produced exopolysaccharide at the concentrations of 3.07, 2.87, 2.75, 2.62 and 2.40 g/g dry cell 
weight, respectively. Maximal exopolysaccharides yields of 4.73 and 5.67g/g cell produced by   
B. amyloliquefaciens CNEP003 were obtained when cultivated in YPM with an initial sucrose 
concentration of 60 g/l and yeast extract concentration of 8.47 g/l, respectively. At initial pH 7.5 
and temperature of 45°C, the highest yield of exopolysaccharides was 10.36 g/g cell.                   
Exopolysaccharides yield of B. amyloliquefaciens CNEP003 increased 4 times to 12.48 g/g cell or 
20.51 g/g total cell protein within 96 h under optimized condition. Exopolysaccharides produced 
from B. amyloliquefaciens CNEP003 could be prepared as a thin film with glycerol (25% w/w) as 
a plasticizer. The film obtained from the exopolysaccharides was soft but though and flexible at 
(5) 
the possessing thickness of 0.085 mm. Its tensile strength was 1.781 N/mm2 and an elongation at 
break is 76.92%. The average molecular weight of the exopolysaccharides was 2.33 × 106 Da, 
when measured using Gel Permeation Chromatography (GPC). The Fourier Transform Infrared 
(FT-IR) spectrum indicated the presence of dominant hydroxyl and carboxyl groups. The Nuclear 
Magnetic Resonance (1H NMR) spectrum indicated the presence of mainly aldehyde protons and 
hydroxyl protons of sugar, especially glucose and mannose. From High Performance Liquid 
Chromatography (HPLC) analysis, exopolysaccharides produced by B. amyloliquefaciens 
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Pseudoalteromonas sp. strain 721, Alteromonas sp. strain 1644 (Guezennec, 2002), Rhodococcus 
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Table 1. Exopolysaccharides from bacteria with potential commercial application. 
 Microbial Source Reference 
Commercialy available   
Xanthan Gum Xanthomonas campestris Moreno et al. (2000) 
Gellan Gum Sphingomonas paucimobilis Banik et al. (2006) 
Dextran Leuconostoc mesenteroides Mariana et al. (2005) 
Pullulan Aureobasidium pullulans Forabosco et al. (2005) 
Curdlan Alcaligenes faecalis  Grandpierre et al. (2007) 
Bakerzs yeast glucan Saccharomyces cerevisiae Stefan et al. (2003) 
Bacterial alginate Pseudoalteromonas elyakovii Sawabe et al. (2007) 
Bacterial cellulose Acetobacter xylinum Tatsuya et al. (2007) 
Developed to large scale   
Scleroglucan Sclerotium rolfsii Shrikant et al. (2005) 
Chitosan Bacillus subtilis Theruvathil et al. (2007) 
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Rhodococcus rhodochrous strain S-2 0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                             4                                                         2 
                        
                        β-D-GlcpA                                           Ac 
 






















+5032.3->5:5 (Lin et al., 2005) ->5 	
01H
+43 
Lactobacillus casei CG11 01









B''B;[W; 76.8 8& 74.5 (54 






+43 Lactobacillus casei CG11 01
@3;I58;5, ()*2.3
4'
[W; 55.3 (54 I59J)01
B'<)	*I5(+,J	3; 39.1 (54 (Kojic et al., 1992)  




)J) (1997) 	*.> Streptococcus thermophilus 
) Leuconostoc 













whey protein 0.2 (54 (w/v) 	*.>8
:;<
@3;-&@ S. thermophilus 
) L. mesenteroides 
(A5.
 48 -:1.,; .,85&9; fermentation broth <)	+1,9W@5< 10.04 (A5 39.82 cPs 
) 




@3;-&@ Lactobacillus rhamnosus '3
	:5b= RW-9595M 







>;*5 01=J8/B,+I58,:01 32 
) 37 ;e















) Seetharaman (2002) eWP=J',*:4+9;	
01
H
+43 Vibrio alginolyticus W1;32<5@U0)
 3
@3;I58 Sea Water Nutrient 
(SWN) *>,01 30 ;e
3' (A5.









B' ),+5)*+5' ),+5*' 
)
' I5






+503 7 '3	:5b= & Micrococcus luteus, Bacillus thuringiensis, Bacillus megaterium, 
Staphylococcus saprophyticus,  Agrobacterium vitis, A. vitis 
) Sulfitobacter pontiacus 013
2<5@U0)
 35U(
@3;I58 YMG broth 
)*>,01 25 ;e
3' (A5.
 5 .:5 I82
e393>01.,. 120 *4>50 	*.><=




















Cyanothece sp. 113 W1;(A5*03I50)
 35U(
@3;I58 F/2 medium I5[:;8,: 































W1;, 2 B(** 
& I5B(9;,& ->5 45 01H




























Figure 5. Location of exopolysaccharides produced by microorganisms in the forms of slime and 
capsule    
01,: Bhaskar 
) Bhosle (2005) 
 
1.2.2 <U54,-5+9;,5, (monomer) 01(A5;()* 3',[*>;
2(A5 4 
























acid) 3<)3B>I5B(9; phosphorylated exopolysaccharides 01	*I5H5:;

























' (glucosyltransferase; GTFs) 

















 (Korakli and Vogel, 2006) 
 






-5+5@2 & Leuconostoc, Lactobacillus 
) Weissella (Monsan et al., 2001) 3I5
(i<<=*:5o=05012:*.,'5I<I5eWP5:@5(A5+55B
+5 (inulin) W1;4>:52.3	:5b)      
ß-(2-1) 
)










Figure 6. Chemical structures of levan and inulin  
01,: Korakli 
















B5 2> Leuconostoc, Streptococcus, Weisslla 




3>;3. (Figure 7) ()*(2.3	







































Figure 7. Chemical structures of ß-D-glucans and cellulose  
01,: Gerald 



























































Figure 8. Chemical structures of curdlan and scleroglucan  
01,: Tada 




Table 2. Types of biopolymers containing β-D-glucans.  
Type Microorganism EPS structure Reference 
Cellulose Acerobacter spp. , 
mainly gram  
negative bacteria 
species and algae  
1,3 - β-D glucan  are 
linked together through β 
(1→4) glycosidic bonds 
Bertocchi et al. (1997) 
Scleroglucan 
 
Several fungi species  1,3 - β-D linked, attached 
to 1,6 - D glucosyl 
residues, relative molecular 





Agrobacterium and  
Alcaligenes faecalis 
myxogenes 
  1,3 - β-D glucans,                                                                                                            
relatively low-molecular 
mass polymer of  7.4x105 








=>,9;,5,014>:52.3 α-D-glucans 	3;3>;3. 
(Figure 9) ()*2.3	







+ (sialic acid) (Table 3) 3;'2;9;45 <)-&1,4>






























Figure 9. Chemical structures of α -D-glucans, dextran and pullulan 
01,: Donald 





































Table 3. Types of biopolymers containing α -D-glucans    
Type Microorganism EPS structure Reference 
Dextrans 
 
Several bacteria species  α -(1-6) linked D 
glucosyl residues, high 





Elsinoe leucospila  1,3 -α  maltotriose units 
linked, soluble in water, 
gels are formed at higher 
concentrations 
Sutherland (1990) 
Pullulan Fungi  α-1,4- and α -1,6-
glucan, connected by an 
α-1,4 glycosidic bond,  
high molecular mass 105- 





 E. coli,  
Pasteurell ahaemolytica, 
 Moraxella nonliquefaciens 
and Samonella sp. 
Generic term for the N- 
or O-substituted 
derivatives of neuraminic 








,,.>85W1;-5+,-&1,4>:5 ',[*>;2(A5 8 -5+2> 
<+5401H
+43
*03 (bacterial alginates) ,:
-:5
)	





+,0113.92; (gellan and related polymers) ((+5 
(heparin) ,+ (XM6) 3
B5+ (hyaluronic acid) *3, 00
5 
(rhizobium heteroglycan) 505 (xanthan) (Table 4) 
14 
 
Table 4. Types of biopolymers containing heteropolysaccharides. 







copolymer of (1-4)-linked β-D-
mannuronic acid and its C(5) 
epimer, L-α- gluronic acid 
Crescenzi (1995) 
Emulsion 




calcoaceticus               
Mainly of rhamnose, mannose, 
glucose and glucuronic acid. 
Several composed                          
D - galactosamine aminouronic 
acid and amino sugar, molecular 











glucose, β-D-glucoronic acid 
and α-(1-4)-L rhamnose in 
molar ratios of 2:1:1, high 






Escherichia  coli    
serotype K 5  
 
Disaccharides repeating unit of 
4 -β-D- glucuronosyl-1,4 α- N 








Closely EPS from 
Klebsiella aerogenes type 54, 
composed of the same  











Table 4. (Continued) 
Type Microorganism EPS structure Reference 
Hyaluronic acid Pseudomonas 
aeruginosa 
Disaccharide repeating 
unit, 1,4 -β-linked 
disaccharides of D- 
glucuronosyl-1,3 β- N 
acetyl-D-glucosamine, 
high molecular mass  size 
from 5,000 to 
20,000,000, insoluble 
water 




Some species of   
Rhizobium, namely, 
 R. trifolii,  
R. meliloti and  
R. leguminosarum 
Heteropolysaccharide of  
D-glucose,  
D-galactose and  
D-mannose in the molar 
ratio 1: 3: 2, forming a 
hexasaccharide repeat 






Closely cellulose, the 
terminal   β-D-mannosyl  
residue replaced by an L- 
rhamnosyl, high 
molecular mass about 4.7 











 (Moo-Young, 1985) ',[
<:<U52 3 ()/0 &  
 1.2.3.1 	
01,()<=
* (anionic 8& acidic polysaccharide) (A5	

01,3B5+ +503 8&,8,B>)4+










































3-5+ ->5 Mucor rouxii, Mucorale spp., 
Absidia cocrulea 



























Table 5. Types of microorganism polysaccharides. 
Microorganisms Type of polymers       References 
Bacteria   
Gram positive   
Bacillus polymyxa Neutral polysaccharides Lichtenhaler (1991) 
Leuconostoc mesenteroides Neutral polysaccharides Kwon et al. (1996)  
Lactobacillus delbrueckii subsp. 
bulgaricus NCFB 2772 
Neutral polysaccharides Grobben et al. (1997) 
Lactobacillus delbrueckii subsp. 
bulgaricus RR 
Neutral polysaccharides Gassem et al. (1997) 
Bifodobacterium adolescentis  
M 101-4 
Anionic polysaccharides Hosono et al. (1997) 
Bacillus sp. DP-152 Anionic polysaccharides Suh et  al. (1997) 
Streptococcus thermophilus Neutral polysaccharides Erring et  al. (1994) 
Gram negative   
Alcaligenes cupidus KT201 Anionic polysaccharides Toeda and Kurene (1991) 
Xanthomonas campestris Anionic polysaccharides Jana and Ghosh (1997) 
Klebsiella aerogenes Anionic polysaccharides Geddie and Sutherland (1993) 
Enterobacter sp. BY-29 Anionic polysaccharides Yokoi et  al. (1997) 
Enterobacter sp. Anionic polysaccharides Shimada et  al. (1997) 
Pseudomonas elodea Anionic polysaccharides Ludbrook et  al. (1997) 
Paecilomyces sp. l-1 Cationic polysaccharides Takagi and Kadowaki (1985) 
Hensenula capsulata Anionic polysaccharides Atkinson (1983) 
Hensenula holstii Anionic polysaccharides Atkinson (1983) 
Fungi   
Aureobasidium pullulans Neutral polysaccharides Madi et  al. (1997) 
Pestalotiopsis sp. KCTC 8637P Anionic polysaccharides Kwon et  al. (1996) 
Lentinus edodes Cationic polysaccharides Crestini et  al. (1996) 






















































































































































































),5' I5:4'>.5 2.2:1:3:1 































































Pseudomonas aeruginosa G1 
) Pseudomonas putida G12 I5801,8
>;*5-5+
4>;? & 
B' ,55' o=0' 
)
' 	*.>0:@;-&@ P. aeruginosa G1 
































<-&@ P. aeruginosa G1 ,5@U4
(A5
;()*'B;[W; 99.2 (54 
)5@U4
),+5 0.8 (54 '>.5	

012<-&@ P. putida G12 ,5@U4
(A5;()*(),J 96.1 (54 
),5@U4
      
),+5 0>:* 3.9 (54 




delbrueckii subsp. bulgaricus (B3, G12) ,-. Streptococcus thermophilus (W22) I5801,
8
>;*5-5+4>;? & 
B' o=0' B' 
)
0' 	*.> L. delbrueckii subsp. 
bulgaricus (B3, G12) 







B'01 5, 10, 15, 20, 
25 
) 30 :,4>
+4 	*.> L. delbrueckii subsp. bulgaricus (B3, G12) 

























,,53,+44 ,,53,o'o4 3,544 	0'3,544 
)3B3 







+4   
 Degeest 














































































































@3;-&@ Bacillus polymyxa 3.*=,	-9;
@3;01 
5, 6, 7, 8, 9 





















-&@ Lactobacillus helveticus ATCC15807 3.*=,	-9;8







+4 01	- 5.0 H

















 105 - 106 





















 3 Antrodia 




















@3;-&@ Sphingomonas sp. CS101 I5[:;8,:01, B' 5 
(54 3'4': 0.25 (54 
),+5 (casamino acid) 0.25 (54 (A5
8'U8:*
@3;-&@ 












9;-&@ Lactobacillus sakei O-1 'B;01'=01=J8/B,+ 
15 ;e
3' 3,(+,J	



























































































































)(+,J9; isoprenoid phosphate [B
5U,I-2I5':;)8	
2,9W@5 (Morin, 1998) 
 Seo 
)J) (2004) 
@3;-&@ Sphingomonas sp. CS101 I5[:;8,:01,B'    
5 (54 3'4': 0.25 (54 
),+5 (casamino acid) 0.25 (54 (A5
8'U8:*
@3;-&@ 
)I-2=J8/B,+I58,:01 25 [W; 45 ;e








 4 .:5 I5[:;8,: 












delbruckii subsp. bulgaricus B3, G12 









) Akhavan (2007) eWPH
+4	
9; 
Azotobacter chroococcum 1723 30U




























01,eWP	&15U(I-2I525'+,'2;'=9/	9;,5=P3 ->5      
	
+,< Phellinus linteus W1;	*.>,0b+I5
(+,J5@U4
I5







/B,+=2,:5 ,0b+I53:*3:@;-&@*03 (antibacterial) -&@.:' (antiviral) 
)=J',*:4+I5
>;',5H























',[I-2I59W@5B((A5*<=/:JV (A5425 :;';I5 Table 6 
) Table 7 
 
Table 6. Polymers obtained from marine bacteria and their application 
Types Polymer Potential applications 
1. Complex   
      polysaccharides and    
      related extracellular    
      polymeric substance 
1.1 adhesins Under water surface coatings, 
bioadhesives 
1.2 drag reducers Drilling, ship efficiency 
1.3 emulsion  Oil cleaning and viscosity 
reduction 
1.4 surfactant Dispersing agent, grinding aid 
1.5 alginate Food, textile 
1.6 metal-binding EPS Toxic-metals bioremediation 
2.      Pigment 
   
2.1 melanins  Biotechnology, reporter gene, 
cosmetics, dyes, colorings, sun 
screens 
3.      Polyesters 3.1 poly 3  hydroxyalkanoates 
(e.g. polyhydroxybutyrate) 
Biodegradable plastics 






Table 7. Established applications of microbial exopolysaccharides. 
Properties             Use   Polymer 
Biological properties: Antitumer agents 


















Food, Thixotropic paints 
Acoustic membranes 
Food coatings 
Water clarification, Ore extraction 
Beer, Fire-fighting fluids 
Cell and enzyme technology 
Food 










Hydrating agent Cosmetics, Phamaceuticals Hyaluronic acid 
Inhibitor of 
crystalformation 
Frozen foods, Pastilles and sugar 
syrups 
Xanthan 
Sheer thining, viscosity 
control 
Oil-drilling muds  Xanthan 
Suspending agent Food, Paper coatings, 
Agrochemical pesticides and sprays 
Xanthan, Various, 
Xanthan 
Viscosity control Jet printing Xanthan 














:PJ/35    
'':,H:' '-4+ 
).,;4:.9;H





*03012:*.,'5I<5U,I-2I5=4'8,82> S. thermophilus ,-. L. 
delbrueckii subsp. bulgaricus (Aslim et al., 2005) W1;=4'8,01,5U	

,I-2,& =4'8,5,8,: ->5 5,8,:9;-.'5+5.3 (A5H
+4/:JV01,.,
;4:.'B;0:@;5@5&1;<,I-2
2-&@(A5 L. lactis subsp. lactis 











+45,(@3. -' ,8,: 
)95,


























Table 8  
 
Table 8. An applications of microbial exopolysaccharides in food industry. 
Polysaccharides Applications References 
Alginate Yoghurt, ice cream, bakery, pudding, dessert gels, etc. Weiner (1997) 
Cellulose Desserts, weight reduction thickeners, artificial meat, 
sausage and meat casings, etc. 
Bertocchi et al. 
(1997) 
Curdland Heat-resistantbgels, jellies, mayonnaises, etc. Sutherland (1990) 
Dextran Baked foods, beverages, sweets, ice creams, fruit 
syrup, etc. 
Whistler and Daniel 
(1990) 
Pullulan Airtight and edible film or foils, food coatings, etc. Lin et al. (2007) 
Xanthan Pudding, soft drinks, alcoholic beverages and drinks, 


























	=+@; (Whistler and Daniel, 1990)  
 505:,(A5	
01H






B. ' 95,(i; 5@UH
,2
)8':4. 8&I-2I5=4'8,




















+43 L. lactis subsp. 















+43 L. lactis subbsp. crimoris KVS 20 ,*0*0I5
	+1,0U;59; B-cell 
)	+1,0U;59; cytoxic macrophage 2 (Kitazawa et al., 
1993) ->53.:5:*	
01H




0U;59; T-lymphocyte macrophage 
) cytokine 22.3 (Laws et al., 2001) 
 3.2.3 XY>Z
	?>@ 















+503 ->5 Salmonella, Helicobacter, Shigella, 
Streptococcus 








*03>3.+b agar well diffusion 3	*.> Staptococcus pyogenes ,.,.4> 
kefiran ,01'= 3;
;,(A5 Stap. aureus, Stap. salivarius, Sal. typhimurium, C. albicans 

) L. monocytogenase 4,
U:* I59J)01 P. aeroginosa 
) E. coli ,.,.52301'= 3
+<,3:*3:@;:;
>.,> MIC 



















clostol emultion  
 3.2.4 		M@	 
 	
,015+3,I-2I50;/':-,5:@5,,,30:@;01I-2(A54:.3'U:K (Active 
ingredients) (A5'>.5()*I54U:* (Pharmaceutical necessities) 8&I-2(A5*<=/:JV      
	









)**5U'>;3**I8,>2> )**5U'>;3H>50;<,B 4 H+.85:;
))**5U'>;3'B>
(_8,3343,I5):*5=/95
 ->5 microspheres, nanoparticle (A542543,




























































+,-./	 W1;8,B>oi;-:5<)()*(2.3 pyruvate, 

















) electrostatic binding 	*.>*0301'2;	
+,-./	01,;()*
8
:(A5 acid polysaccharides <)<:*:*
8)85:
2.3B>I5B(9;')	5













+,-./	 <)(A5	:5b)>59;  electrostatic 
bond <W;0UI82<:*:55:@5,>9;; (Geesey and Jang, 1989; Beech et al., 1995) 0:@;5@	
+,
<*034>;-5+:5<),4U85>;'U8:*<:*




)-5+244>;:5 (Sripaoraya, 1993) 
 Salehizadeh 





+4< Bacillus firmus MS-105 0132<4:.3>;+5 	*.> 
I-2	
0132<-&@ B. firmus ',[B:*
8)4):1. 2[W; 98.3% 01 pH 
4.5 
)',[B:*
8)0;;2[W; 74.9% 01 pH 4 
 
















































































































































































:PJ)/3501,;85 ->5 ' 
:PJ)	&@5H+.9;
H>5op




+,4 .,85,'>.5':,	:5b:*',*:4+&15? ->5 .,42505










'/.)0'*01U85 ,85>.3(A5 N/m2 >5@9W@53B>:*.,9;;9;	:5b))8.>;'3
>	
+, ,.>.,9;;9;'3>	
+, (Guilbert, 1986) 






























































09; 16S rDNA  
















































































 4 .*% .*& 0
0.
 5 4!4&46! .*+ )*		
7+,&8(#29.6 4 '::	4 
0"&!10	;- .#&+42* 	 ! 24 ) 






 2.1 .&-	;- Yeast Peptone medium; YPM (**0% Shivakumar and 
Vijayendra, 2006) %&,*#	:)"&4 20 &
6& %%)! 5 &
6& 0	44* 3 
&
6& 
 2.2 .&-	;- Seawater medium; SWM (**0% Jayaraman and Seetharaman 
2002) %&,*#	%%)! 10 &
6& 0!;-4* 10 &
6& 
 2.3 .&-	;- Zobell marine broth; ZMB (**0% Kae et al., 2002) %&,
*#	%%)! 1 &





 3.1 .#!a"*!( (Autoclave) &2
! SS-325 ,&68 Tomy Seiko Co., Ltd 
 3.2 "&;$	
 (Shaker)  
34 
 
 3.3 "&;.2!.	!6*","229.6 (refrigerated centrifuge) &2
! SCR20B ,&68  
Hitachi  
 3.4 "&;*"%l!&* - *
 (pH meter) &2
! 420A ,&68 Orion 
 3.5 "&;*"
**;!04 (spectrophotometer) &2
! U-2000 ,&68 Technical Cooperation 
 3.6 "&;.2!.	!6*","229.6 (refrigerated centrifuge) &2
! 5403 ,&68 
Eppendorf 
 3.7 #%*;- (Laminar air flow) &2
! 527044 ,&68 Hotpack  
 3.8 "&;,&#! (hot air oven) &2
! MOV.212 ,&68 Sanyo Electric Co., Ltd 
 3.9 "&; 2 10.!
 &2
! HF-1200 ,&68 A&D Company, Ltd 
 3.10 "&; 4 10.!
 &2
! BP210s ,&68 Satorius 
 3.11 
","229.6 (water bath) &2
! W350 ,&68 Memmert 
 3.12 "&;&.	0,,42vv' (Rotary evaporator) &2
! OSB 2000 ,&68 Tokyo Rikakikai 
Co., Ltd 
 3.13 TLC Silica gel 60 F254 ,&68 MERCK %&'	&! 
 3.14 #2&&'! ,&68 Nikon 
 3.15 "&;*".!;* (Brookfield Digital Viscometor) &2
! DV-I ,&68 S.V. Medico Co., 
Ltd 
 3.16 "&;*4,"0$+0&$4*2 (universal testing machine LLYOD &2




 4.1 %%)! (Analytical grade) ,&68 HIMEDIA %&'6!*	  
 4.2 	44* (Analytical grade) ,&68 HIMEDIA %&'6!*	 
 4.3 !;-4* (Analytical grade) ,&68 HIMEDIA %&'6!*	  
 4.4 (*")&! (Analytical grade) ,&68 Lab-Scan (Bangkok, Thailand)  
 4.5 :6)(!(&* (Analytical grade) ,&68 Lab-Scan (Bangkok, Thailand) 
 4.6 &*:66 (Analytical grade) ,&68 Lab-Scan (Bangkok, Thailand) 
 4.7 :)"&4 (Commercial grade) ,&68 6&y 1* %&'(	  




 4.9 !-1 DI (Deionized water) 
 4.10 &*(&&)&:66 (Trifluoroacetic acid; TFA) 
 4.11 ):*	:6 (Analytical grade) ,&68 Lab-Scan (Bangkok, Thailand) 
 4.12 ! 95% (Commercial grade) ,&68 Lab-Scan (Bangkok, Thailand) 
 4.13 4&"41.&,	#0& 
 4.14 4&"41.&,&6"&.%&69)%&! ("y! $) 





 6.1 72(*(:64$!* molecular weight cut off 8,000 *! (Menbrane Filtration 





























   1.1 %, + 
   1&+,	
!6*












 2 424!.	 .*&, 0.
 3 2	!
 .* 0.
 4 .*% 
.*& 00.


















(%1&))(!: !!-1%*;- %&6& 10 666& .!-!!1;
*#	!-1%*;- .#(*#"$#$#! 10-1, 10-2, 10-3 0 10-4 !10	;-)*	& 
spread plate 	




29.6 45 '::	4 0	
0.
 2, 3, 4 0 5 ,
29.6.# (30 ± 3 '
::	4) !4.+!89)")!;	6-.&;	;*%l!4	; #% (loop) 0y6$
)")!0#*a$a-! (Ruas-Madiedo and de los Reyes-Gavilan, 2005) !1)")!*
 streak 
:-1 2-3 "&- ,!.&"*0	;-(*#!(*#;-,&642<6 !-!1&	#0&6<$ 
Hucker strining methos (Murray et al., 1994) +,;-(*# !:& 25 %&:+!  - 20 
'::	4 ;'a8 !$-!!
(% 
  1.3 )
")+$%&'&('))*
23! 0 
   1.3.1 0-!"0-3 
  7
	;-0,"&	+,(# !:& -20 '::	4 %&6& 0.1 
666&  !.**$!* 10 666& .&.0	;-(*#$# 1.2 %&6& 5 
666& ,
(# !29.60	;-(*#$# 1.2 ,!"&;$	
"&+&, 200 &,
! 
%l! 24 ) !-!!1;-%&6& 1 666&  4
 !.**$!* 20 666& 
37 
 




! %l! 24 ) ;!1(% #%l!#;-
&6#!  
   1.3.2 0%&'&('))*
)+$*
- 
  !1#;-&	(*#$# 1.3.1 %&6& 0.1 666&  4
 !.*









! %l! 10 !  4 '::	4 ;0	4&	4
! 40
:! !1!(*##*#	!-1%&'6! (deionized water) 1 "&- ;
#; 0#%!.	"&+ 8,000 &,
! %l! 10 !  4 '::	4 !1





! 1 : 2 (v/v) (4&	
4
! 4 : !) 6-(# 1 ";!29.6 4 '::	4 !-!!1(%%!.	"&+ 
9,000 &,
! %l! 20 ! ;0	!0+):)0:""(&*! 
!-!!1+):)0:""(&*(*#(%	 !!-1%&'6!0#!:-1*#	       
!0
	+! ; .#(*#+):)0:""(&*",&642<6$a-! (**0% Sinha et 











         "
4%&46<6&4&#yy6: (Yp/x)     =       !-1.!yy6 (P) 
                       !-1.!: (X) 
 













  1.3.3.1 0-!"0-3 
 7
	;-0,"&	"*;(*#$# 1.3.2 %&6& 0.1 666&  !.*




! %l! 24 ) 
!-!!1;-%&6& 1 666&  4
 !.**$!* 20 666& .&.
0	;-(*#$# 1.2 %&6& 10 666& ,
(# !29.60	;-(*#$# 1.2 ,!"&;
$	
"&+&, 200 &,




 !1#;-(*#$# 1.3.3.1 %&6& 10 666&  4
 !4$!* 250 



















4  16S rDNA 
 
 !1;-"*;0#
'	&y6+):)0:""(&* $# 1.3.2 
*10!!6*)*	'	6<&.1*,!6")(*$ 16S rDNA )*	6<**0% 
Nakagawa 0"9 (2001) 
  2.1 	

%3 (Preparation of DNA using Promega Kit) 0 Protocol 4  
Wizard Genomic DNA Purification Kit 
  %%4&0$!	$: %&6& 1 666&  !.*:!&6 $!* 
1.5 666& !1(%.2!.	"&+ 13,000-16,000 &,
! %l! 2 ! ;
!: !1:(*#&!	 ! 50 66)& EDTA %&6& 480 




29.6 37 '::	4 !! 30-60 ! !1(%.2!.	"&-"&+ 13,000-16,000 
&,
! %l! 2 ! 4&	6- 6 Nuclei lysis solution %&6& 600 ()"&6& 
y4 .#$#! ,
29.6 80 '::	4 !! 5 ! ;29.6*7a29.6.# a
6 RNase solution %&6& 3 ()"&6& y4 .#$#!!! 2-5 ! ,
29.6 37 '
::	4 %l! 15-60 ! ;29.6*7a29.6.# 64&	41.&,&
!$)%&! %&6& 200 ()"&6& !1$	
*#	"&; Vortex "&+4 20 
6! ,




!4&	6 isopropanol %&6& 600 ()"&6& y4 .#$#!0#!1(%
.2!.	"&+ 13,000-16,000 &,




 2 ! 4&	.&;4
! 46- ,
29.6 65 '::	4 !! 10-15 ! ;
&.	! !-!6 DNA rehydration solution %&6& 100 ()"&6& ,

29.6 65 '::	4 !! 1 ) +, DNA (#29.6 -20 '::	4 !

!1 # 




 Agarose gel electrophoresis 
  6"&.)!6*+!4*(*#$# 2.1 )*	6<& # Agarose gel 
electrophoresis :a&6&&	 )&4 (agarose gel)  !4&	,& TAE 
"$#$#!&#	 0.8  !0,,6:a. (comb) 4	,	
 %
	 .#0$+%l! 1 
) 0#*a. !-!y4)!6*+!(*#$# 2.1 ,46* (tracking dye)  !
&4
! 5 : 2 (v/v) 0#.	*	
 !.2,!)&4 !1(%16")&)&6:4 
(electrophoresis)  !0,& (gel chamber) )*	 #"
'	 80 ) (Volt) !! 45-50 
! 	#)&4*#	<6*	),&(* (ethidium bromide) %l! 1 ! &*&&;
04$07,*+!*#	04&() 
  2.3 (004  16S rDNA &
 Polymerase Chain Reaction (PCR)  
 !1*+!(*#$# 2.1 6%&69)*	6< Polymerase Chain Reaction 
(PCR) )*	**0%6< Kae 0"9 (2002) 0 Jian 0"9 (2007)   
 &1 PCR ;61!!6-!4
!$ 16S rDNA  #)!6*+!$;-
y6+):)0:""(&* :a4*(*#6< !$# 2.1 %l!0
0,, (DNA template) )*	1&
64
!y4
|  # !&1 .#6*%66&6	 PCR &	1*,*04* ! Table 9 !-!y4 
&!
|  .#$#! 0,
4&	 4




6*+!4*(*#(% 10 ()"&6& y4 .#$#! !1(%$#"&; PCR )*	4&
1!$"&;*04* ! Table 10 
 
Table 9. Reagents for PCR  
Reagent Volume (µl) 
10x Taq buffer 5 
25 mM MgCl2 4 
20 mM dNTP 1 
0.2 µM Primer 1  1 
0.2 µM Primer 2  1 
distilled water   26.75 
Taq polymerase (TaKaRa) (5U /µl) 0.25 
DNA template 10 
Total 50 
Remark: Primer 1: Forward primer is 27F (5'-AGA GTT TGA TCM TGG CTC AG-3')  
  Primer 2: Reverse primer is 1518R (5'-AAG GAG GTG ATC CAN CCR CA-3') 
   
Table 10. Condition of PCR 
Reaction Temperature Time Cycle 
Denaturing 
94°C 2 min  
94°C 10 sec  
Annealing 
55°C 30 sec 30 
68°C 2 min  
Extension 72°C 10 min  
 
 
  2.4 )43
4 
%3&
 agarose gel electrophoresis 
 1&&4,	!$!* 1,500 ,4 )*	&	)&4  !4&	





%l! 1 ) 0#*a. !-!y4 PCR product (*#$# 3.3 ,46* !
&4
! 5:2 (v/v) 0#.	*	
 !.2,!)&4 !1(%16")&)&6:4 !
0,&)*	 #"
'	 80 ) !! 45-50 ! 	#)&4*#	<6*	),&(*
%l! 1 ! &*&&;04$07,*+!	 #04&() %&	,	,$!*
*+!,*+!&! 
  2.5 #	Y4  amplified PCR products &
2!- GFX PCR DNA  Gel Band 
Purification Kit 0 Protocol 4  GE Healthcare 
 !1 GFX column  4
 ! collection tube 6 capture buffer 500 ()"&6& (%
 ! GFX column 7
	 amplified PCR products (%&9 100 ()"&6&)  4
 ! GFX column 
y44& .#$#!)*	 #()"&%% **$a-! 4-6 "&- .2!.	"&+ 14,000 &,

! !! 30 6! !14
!0	(*# !.* collection tube 6-(% #)*	6 wash buffer 
%&6& 500 ()"&6&  ! GFX column .2!.	"&+ 14,000 &,
! !! 30 
6! !14
!$ collection tube 6-(% !14
! GFX column (% 4
 ! 1.5 666& microtube 
! .
 6 TE buffer pH 8.0 %&6& 50 ()"&6&  !4
!$ GFX column ,
	

29.6.#!! 1 ! .2!.	"&+442*!! 30 6! +(*#6-!4
!$	! 16S 
rDNA ,&642<6	
 ! microtube (&4,",&642<6$6-!4
!	! 16S rDNA )*	6< 
Agarose gel electrophoresis 6< !$# 2.4 
  2.6 #
	4  16S rDNA (Sequencing of PCR ampliflied 16S rDNA) 
 !1 amplified PCR products 1,&642<60#(%.1*,!6")(*$
6-!4
!	! 16S rDNA )*	4
	
6-!4
!	! 16S rDNA(%6"&..1*,,4 Macrogen 
Incorporation %&'.) 0#!11*,,4 1500 bp $6-!4
!	! 16S rDNA (*#(&
&- 2 (&& 
!*#	)%&0& BioEdit (Hall et al., 1999) 
  2.7 )4-0` 
  2.7.1 !16-!4
!	! 16S rDNA (*#%&	,	,".;!$1*,,4 
(Blast)  !  GeneBank DNA database +,(: http://www.ncbi.nlm.nih.gov/blast/                    
  2.7.2 4&# Phylogenetic tree *#	)%&0& Clustal X 0 NJ plot 


























  3.1  0-!"0-3 
 !1;-"*;(*#$# 1.3.3 %&6& 0.1 666&  !.**




! %l! 24 ) !-!
!1;-%&6& 1 666&  4
 !.**$!* 20 666& .&.0	;-
(*#$# 1.2 %&6& 10 666& ,
(# !29.60	;-(*#$# 1.2 ,!"&;$	

"&+&, 200 &,
! %l! 24 ) ;!1(% #%l!#;-&6#! 
  3.2  0%&'&('))*




	#;-&	$# 3.1 %&6& 10 666&  !4$!* 250 








(Yp/x) $# 1.3.2  




-&)0&fg$,3  (Thin Layer Chromatography, TLC) (Lato et al., 
1968) 
 1&&	0y
! TLC !6* normal phase )*	!10y
! TLC (%0




0&*&+ !1+):)0:""(&*(*#$# 3.2 	 !!-1! .#(*#"$#$#!     
&#	 1 6 TFA (trifluoroacetic acid) "$#$#! 2M  !&4
!&.
4&	+):
)0:""(&*04&	 TFA %l! 1:1 (v/v) !-!y4 .#$#!0!1(% .#"&#! 
121 '::	4 %l! 3 ) ;1 .#6*%66&6	&	
	4,&9 !-!1&
&	4&	!-1&!)*	!1!-10
!6* ()"4 (:)4 0")4 0")4 
0&)!4 0!)!4 0 &,6)!4) :a%l!!-1&!41.&,&%&	,	, 10 







 1 ()"&6& ,!0y
! TLC &	(# !10y
! TLC 2

(% !1	";!:a%&,(%*#	 Dichloromethane : Acetonitrile : Acetic acid : 
water  !&4
! 5: 3: 3: 1.5 (v/v) 0# # anisaldehyde 41.&,%l! spraying reagent 
("y! $)  !&&4,"%&,$+):)0:""(&* (Schulz et al., 1991) )*	
.4%&	0y
! TLC *#	4&	!-0#%& (spot) ,!0y
! TLC !6*$





 Retention factor (Rf)  #4& *!-                     
               
          &	4& (compound) ";!  
&	 1	 ";! (solvent front) 
 







 .#"$#$#! 5 %&:+! )*	 # spatula "!!+):)0:""(&*	.*(*#%l!
4&	!;-*	 0#*".!;*)*	 # Brookfield Digital Viscometer ("y! $) (Aslim 
et al., 2006)  












  4.1  0-!"0-3 
 !1;-"*;(*#$# 3 %&6& 0.1 666&  4
 !.**$!* 




! %l! 24 ) !-!
!1;-%&6& 1 666&  4
 !.**$!* 20 666& .&."*;
(*#$# 3.2 %&6& 10 666& ,
(# !29.6"*;;-(*#$# 3 ,!"&;$	

"&+&, 200 &,
! %l! 24 ) ;!1(% #%l!#;-&6#! 
Rf    = 
44 
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	#;-&	$# 4.1 %&6& 10 666&  !4$!* 250 





      
0, 12, 24, 48, 72, 96, 120, 144 0 168 ) !1!-1.*
6"&."

4%&46<6&4&#yy6: (Yp/x) $# 1.3.2 
















	#;-&	$# 4.1 %&6& 10 666&  !.&."*;
(*#$# 3.2 %&6& 100 666&  !4$!* 250 666& )*	 #!-1)"4 :)"&4 
0)4 0)4 !10.




















  5.2 iej)04-04-34 , )30	0,$%&'&('))*
 
   7
	#;-&	$# 4.1 %&6& 10 666&  !.&."*;
(*#$# 3.2 !6*$0.
"&,!.4"*;(*#$# 5.1 )*	"$#$#! 
10, 20, 30, 40, 50, 60, 70 0 80 &
6& %&6&100 666&  !4$!* 250 
666& ,





! "*;(*#$# 4 !1!-1.(*#1&6"&."
4%&46<6&4&#
yy6: (Yp/x) $# 1.3.2  







  5.3 iej!3
4 , *3&+30	0,$%&'&('))*
 
   7
	#;-&	$# 4.1 %&69 10 666&  !.&."*;
(*#$# 3.2 !6*0"$#$#!$!-1.4"*;(*#$# 5.1 0 5.2 
1*, )*	 #0.








6& %&6& 100 666& 
 !4$!* 250 666& ,
(# !29.6"*;;-(*#$# 3 ,!"&;$	

"&+&, 200 &,
! "*;(*#$# 4 !1!-1.(*#1&6"&."

4%&46<6&4&#yy6: (Yp/x) $# 1.3.2 







  5.4 iej)04-04-34 , *3&+30	0,$%&'&('))*
  
   7
	#;-&	$# 4.1 %&69 10 666&  !.&."*;
(*#$# 3.2 !6*0"$#$#!$!-1.4"*;(*#$# 5.1 0 5.2 
1*, 0!6*$0.
(!)&!.4"*;(*#$# 5.3 )*	"$#$#! 2, 
4, 6, 8.47, 10 0 12 &
6& %&6& 100 666&  !4$!* 250 666& ,
(#





: (Yp/x) $# 1.3.2 











  5.5 iej),(!0-30	0,$%&'&('))*
  
   7
	#;-&	$# 4.1 %&69 10 666&  !.&."*;
(*#$# 3.2 !6*0"$#$#!$!-1.4"*;(*#$# 5.1 0 5.2 
1*, 0!6*0"$#$#!$0.
(!)&!.4"*;(*#$# 5.3 0 
5.4 1*, %&6& 100 666&  !4$!* 250 666& 0#!1%&, .#(*# 
5.5, 6, 6.5, 7, 7.5 0 8 ,
(# !29.6"*;;-(*#$# 3 ,!"&;$	
"&+&, 
200 &,
! "*;(*#$# 4 !1!-1.(*#1&6"&."
4%&46<6
&4&#yy6: (Yp/x) $# 1.3.2  






  5.6 iejk`00	0,$%&'&('))*
  
   7
	#;-&	$# 4.1 %&69 10 666&  !.&."*;
(*#$# 3.2 !6*0"$#$#!$!-1.4"*;(*#$# 5.1 0 5.2 
1*, !6*0"$#$#!$0.
(!)&!.4"*;(*#$# 5.3 0 5.4 
1*, 0&6#!.4
&y6+):)0:""(&*$# 5.5 %&6& 100 
666&  !4$!* 250 666& ,
;-29.6 25, 29.6.# (30 ± 3), 45 0 55 
'::	4 ,!"&;$	
"&+&, 200 &,
! "*;(*#$# 4 !1!-1
.(*#1&6"&."
4%&46<6&4&#yy6: (Yp/x) $# 1.3.2 
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	#;-&	$# 4.1 %&69 10 666&  !.&."*;
(*#$# 3.2 !6*0"$#$#!$!-1.4"*;(*#$# 5.1 0 5.2 
1*, !6*0"$#$#!$0.
(!)&!.4"*;(*#$# 5.3 0 5.4 
1*, 0&6#!.4
&y6+):)0:""(&*$# 5.5 %&6& 100 
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666&  !4$!* 250 666& ,
;- !29.6.4$# 5.6 +,	

 0, 12, 24, 72, 96, 120, 144, 168, 192, 216 0 240 ) !1!-1.*

6"&.  
   6.1 )*	 #6& 
   6.2 &&6v$;-)*	*"$2
!"	";! 660 !)!& 
   6.3 %&69)%&!-.*$: (Lowry et al., 1951) )*	!1!-1..	
0	: #:*#	4&	):*	"(&*"$#$#! 0.85 %&:+! 2 "&- 0#!1
:(*#64&	):*	(*&(:*"$#$#! 0.1 !& !-!!1(%# ! 
water bath 29.6 100 '::	4 %l! 20 ! !14&	(*#6"&..
)%&!-.*$:*#	6< Lowry ("y! $) 
   6.4 &&!,;--.* )*	6< plate count )*	!1	
 !0

1&;*#	):*	"(&*"$#$#! 0.85 %&:+!  .#"$#$#!.4 !1
	
1&; .#"$#$#!.4 0.1 666& spread plate ,!.&
1&"*;(*#$# 5 !1(%,
 !29.61&"*;(*#$# 5.6 %l! 24 ) 
!-!1&!,)")!%&$a-!,!.&-	;- )*	1!!)")!#	
&.
      
30 7a 300 )")!
! (plate) 01&"1!9.1!!:-.* !.!
	$ colony 
forming unit 
666& (CFU/ml)    
   6.5 %&69+):)0:""(&*
!-1.!:$# 1.3.2 
   6.6 &*%&69!-1.;	
 !.&-	;-*#	6< High Performance 
Liquid Chromatography (HPLC) )*	&!14
! 4(*#$# 6.5  !0

(%6"&.
%&69!-1 )*	 #!-1:)"&4 )"4 0&2)4 %l!!-1&! )*	4 #
 !&*4, ";  #	
y
!&;.4%&6& 20 ()"&6& "!!6* 
Hypersil NH2 1	";! (mobile phase) "; :6)(!(& (acetonotrile) 0!-1  !
&4
! 85 : 15 &&(.$1	";!"; 1 666&
! &*"; 






4%&46<6&4&#yy64&.& (Yp/s)   =       yy6 (P) - yy6&6#! (P0) 














  7.1 $4 )04-04-34 %&'&('))*
'0$,)	04 
$,3fm0 
 &	4&	+):)0:""(&*(*#$# 6 "$#$#! 2, 3, 4 0 5 
%&:+! (w/v) 6:& 10, 20, 25 0 30 %&:+! $%&69+):)0:""(&*
4&	y4 10 666&  !0y
!:66)"!$!* 5×5 &:!6& (Figure 10) 6-
(# .#0.#29.6.# !-!!1(%+,(# !#29.6 25 '::	4 0";-!
4<






















Figure 10. The silicone plate. 
 
  7.2 
),-33 




ASTM (1996) )*	 #"&;*4,"0$+0&$4*2 (universal testing machine LLYOD &2
!
30 KN) 1.!*&	.
$&,&6#! (initial grip separation) 
, 40 66& 0
49 
 










&#!!0&*a (N/mm2) =    0&*a442* 
                                    ;-!.!#*$6-!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  7.3 
),"
0"4
 (Elongation at brake) 




%&:+!&	;*;$* =          "	6$a-! 
                                      "	*6 
 
8. iej)	0 )0" -34 %&'&('))*
$*




:4  molecular weight cut off 8,000 *!  ! deionized water 29.6 4 '::	4 
)*	%	!!-1 DI 2 3 ) 06-(# 3 ! !-!1 .#4&$#$#!$a-!)*	 #"&,:
:6:)4 (Carboxyl Methyl Cellulose: CMC) )&	,!72(*(:4 6-(#%&9 30 ! 





(gel filtration chromatography) !3






!!6* Sephadex G-100 ;0	4&!-1.!)20
! 1)*	& #"! 
$!* 1.0 × 45 :!6& 	a*"!,$- .#-,;-! ,&&2 Sephadex G-100 6 ! 
! !"!%*%	*#!




4$"! 1&#"!*#	,& Tris-HCl "$#$#! 0.1 )&  7.3 
%&6& 2 
$%&6& Sephadex G-100  !"! !& Sephadex G-100 *!
0!
! !"!0y6.!#&	, %
	 .#,& Tris-HCl "!!&&*,
,& Tris-HCl 	
4
&*,$y6.!#$ Sephadex G-100 +!#	 1&%*%	
*#!
$"! !-!1&64&	+):)0:""(&*"$#$#! 2 66&

666& ,!y6.!#$ Sephadex G-100 	
 !"!	
#| )*	&0%	$
.*.	* (pasteur pipette) (%&,| y!*#! !$"!!4&	+):)0:""(&*
.* %*%	*#!
$"! .#4&	+):)0:""(&*";!(% !"!
!&.+!y6.!#$ Sephadex G-100 1&"!*#	,& Tris-HCl )*	 #&
&(.$
, 0.5 666&
! +,4&	"&- 2 666&  !
.**$!* 5 666& !-!!14&	0
.* (fraction tube) (*#6"&.




$##! (Chin and Ming, 2004; 




  8.2 iej3#3&04 %&'&('))*
&
 Gel Permeation 
Chromatography (GPC)  
 !1+):)0:""(&*(*#&1,&642<6)*	&y
!"!$# 8.1 
%&69 500 ()"&& 6"&..!-1.!)2$+):)0:""(&*)*	 #"&; 
Gel Permeation Chromatography, Waters 600 E )*	 #"! Ultrahydrogel linear (MW 
resolving range =    1,000  20,000,000) 0 guard column  !&0	$!*$)2)*	 #
0!!-1.!)2 5,900  788,000 %l!&! #%&	,	,,	
+):
)0:""(&*6"&. )*	 # Refractive Index Detector  !&&,4vv9$	
 
(Pawadee et al., 2005) 
 8.3 iej0`,ft !34 %&'&('))*
 &
 Fourier-transform infrared 
(FT-IR) microspectroscopy  
 !1+):)0:""(&*(*#&1,&642<6)*	&y
!"!$# 8.1 
%&69 1 & 6"&...
!$+):)0:""(&*y6(*# )*	 #"&; Fourier 









 4,000-400 cm-1 (Jayaraman and Seetharaman, 2002) 
  8.4 iej&) 	- 4 %&'&('))*
 &
 Nuclear Magnetic Resonance 
(NMR) Spectrometry  
 !1+):)0:""(&*(*#&1,&642<6)*	&y
!"!$# 8.1  
%&69 15 66& 6"&.;."%&,$+):)0:""(&*)*	 #"&; 
Nuclear Magnetic Resonance Spectrometry 500 MHz (Model UNITY INOVA, Varian) )*	 # 
tetramethylsilane (TMS) %l!4&#6;,10.!
4vv9&):0!!: (resonance signal) 
:a D2O %l!1	$+):)0:""(&* (Chi et al., 2007) 
 8.5 ) )!3
4 %&'&('))*





6"&."%&,0!6*$+):)0:""(&**#	6< TLC $# 3.3 
 8.6 iej )!3
4 %&'&('))*
 &
 High Performance 
Liquid Chromatography (HPLC) 
 !1+):)0:""(&*(*#&1,&642<6)*	&y
!"!$# 8.1  
%&69 25 66& 	
	*#	 TFA (trifluoroacetic acid) %&6& 2 666& )*	y4 .#$#! 

!!1(% .#"&#! 121 '::	4 %l! 3 ) ;1 .#6*%66&6	&	
	
4,&9 &.	 TFA )*	& #"&;&.	42vv' (rotary vacuum evaporator) 









 !!-1!%&6& 5 666& (Methacanon et al., 2005) 
!!1(%
6"&."%&,0!6*$+):)0:""(&*)*	6< HPLC  #!-1&! 7 
!6* (*#0
 )"4 &2)4 (:)4 0)4 0!)!4 0&)!4 0&,6)!4  
 4 # !&*4, ";  #	
y
!&	
	%&6& 10 ()"&6& 
"!!6* Aminex HPX-87H 1	";! (mobile phase) "; &*:6 (sulfuric 
acid, H2SO4) "$#$#! 0.01 !& &&(.$1	";!"; 0.5 666&
















./%01234 5 53 14-5 53 1 %+278-+ 7, 34%
 
53 2 989+3 34%
 53 3 8+ 34 53 4 34/ 
34 5%53 5 9%+99<+ 34&	 =4
<>	
9+*3?/@+




954-/+5/*+5% + /<>+27 %4
,,	 
/+5/.8>3&< (Muralidharan et al., 2002) 5%
<>%+278-+ /@+
<>
8>3&<9&/%> 45 MA 60 0BB9 7*3-8<+9-9.A2+OP
,O2+5%/Q+%3.+275%9-938-O*+5/+RB14-4 
(Pawlik, 1993) BA,4%9W*3-9M58<+P>%+9+*14-3+<4 
 234	
'()%*+,*-./%01234 5 
53 60  
-% 23 . ,O 0P9< ,O 0PO (-% 17), 
93 (-% 15), -+3<+ (-% 10), /O3 (-% 9), /% (-% 8), +27 
(-% 7), 0P=3% (-% 5) 5%+27% (-% 3) 74









Figure 11. Percentage of specimens used for isolation of marine bacteria. 
Rock (10%) 
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,W<	=B=5B,,1414-234 76 1=B 79
9>j+<
=4-5 (Marray et al., 1994) 
 61 1=B -<495
 5% 15 1=B 
-<495
 =45
,2 76 1=B 514-'()%*+,*-./%0
1234 5 53 =49+*3?&//@+5 =49M55
,0P9<
14-984,O 19 1=B *+.>%5
,514-0PO 93 -+3<+ /O3 





-+ 9%+99<+ 5%989+3 14- 24, 17, 15, 13 5% 7 1=B 74
 4594*+ 
Table 11 BA
<>8+ 34/ 9%+9%9<+ 5%989+3/@+
<>34






O.A2+O/Q+ (Muralidharan et al., 2002) 9+
<>%+278-+/@+
<>
8>3&<9&/%> 45 MA 60 0BB9 7*3-8<+9-9P>%/@+O




5+ 14-5 YPM, SWM 5% ZMB 
9M55
,
%14-234 76 1=B =432O29& SWM 9M5O25
,W<	
=B=5B,,1414-984,O 37 1=B (-% 49) 32O29& SWM 445/
32O2. Jayaraman 5% Seetharaman (2002) BA//=+ (10.0 <) 5%
+O294 (10.0 <) /@+,/%
 BA32O29& SWM +2+%n%53
1+=+&*+/<>BA9W*3-O29M<?14-439&O+o 
(Kudryashova and Yurlova, 2000) 32O25O25
,W<	=B=5B,,14
14-/@++4
 2 ,O 32O29& YPM 9M5O214-234 27 1=B    
(-% 35) 32O29& YPM 445/32O2. Shivakumar 5% 
Vijayendra (2006) BAB&=,9 (20.0 <) 994 (3.0 <) 5%//=+ (5.0 
<) /@+,/%
 BA32O29& YPM 253,
+5%53
1+=+/@+,/%
.32O2 7*3-O2<?5%W<9 (Lee et al., 
54 
1997) *+.>%32O29& ZMB 5O214-+-984,O 12 1=B (-% 16) 3
2O29& ZMB 445/32O2. Kae 5%,>% (2002) BA//=+ (1.0 
<) 5%994 (1.0 <) /@+,/%
 =432O29& ZMB %
531+=+&*+/<>+-A7*3-O2<?14-+- (McKellar et al., 2003) 4594*+ 
Figure 12    
 
Table 11. Location, number of bacteria from specimens, gram staining characteristic and shape of 
exopolysaccharides producing marine bacteria.   
Location 




A B C D E F G H I J + - 
1 10 - 1 2 1 1 - - - - 15 13 2 rod 
2 - - 3 - 1 - 2 1 - - 7 6 1 rod 
3 9 8 - 4 3 - - - - - 24 22 2 rod 
4 - - 2 3 5 - - 7 - - 17 11 6 rod 
5 - - - - - - - - 11 2 13 9 4 rod 
Total 19 8 6 9 10 1 2 8 11 2 76 61 15  
Remark:  Locations; Hot spring, Krabi province (1), Fossil Records, Krabi province (2), Phang-
nga Bay, Phangnga province (3), Pak Meng Beach, Trang province (4) and Sarasin 
Bridge, Phuket province (5). 
 Specimens; plastic (A), plant (B), algae (C), rock (D), shell (E), sea water (F), coral 








Figure 12. Number of exopolysaccharides producing marine bacteria isolated by using SWM, 







./%01234 5 53 14- 76 1=B 
O72O2*+344
.+4 10 <<< 32O27,45O214- 5 <<< /<>	=B=5B,,
14W<14-%&*+ 0.0432.83 +273+B53- 4594*+ Table 12 +2+
7,4O1=B9MW<	=B=5B,,1414- 2 +273+










 2.83 +273+B53- 9+1=B
*3-WW<	=B=5B,,1414-5 CNEP015, CNEP021, CNEP070, CNEP079, 
CNEP071, CNEP018, CNEP020, CNEP026, CNEP024, CNEP008, CNEP017, CNEP040, 
CNEP013, CNEP051, CNEP043, CNEP012, CNEP029, CNEP019 5% CNEP034 =4W<	
=B=5B,,1414-
 2.76, 2.74, 2.71, 2.68, 2.58, 2.58, 2.52, 2.49, 2.42, 2.34, 2.31, 2.28, 
2.26, 2.20, 2.19, 2.13, 2.08, 2.04 5% 2.02 +273+B53- 74
      
 
Table 12. Exopolysaccharides production from marine bacteria isolated from the specimens 
collected in coastal areas in Thailand. Marine bacteria were cultivated in SWM, YPM 
and ZMB media. 
Isolates Dry cell weight (DCW) (g/l) EPS (g/l) Yield (g EPS / g DCW) 
CNEP003 0.012 ± 0.0004 0.034 ± 0.0007  2.83 ± 0.023  
CNEP015 0.013 ± 0.0003 0.037 ± 0.0015 2.76 ± 0.096 
CNEP021 0.004 ± 0.0003 0.010 ± 0.0001 2.74 ± 0.035 
CNEP070 0.014 ± 0.0004 0.039 ± 0.0002 2.71 ± 0.070 
CNEP079 0.013 ± 0.0001 0.035 ± 0.0002 2.68 ± 0.025 
CNEP071 0.012 ± 0.0001 0.032 ± 0.0004 2.58 ± 0.028 
CNEP018 0.002 ± 0.0001 0.006 ± 0.0002 2.58 ± 0.091 
CNEP020 0.002 ± 0.0001 0.005 ± 0.0002 0.52 ± 0.057 
CNEP026 0.002 ± 0.0002 0.005 ± 0.0004 2.49 ± 0.052 
CNEP024 0.002 ± 0.0002 0.005 ± 0.0002 2.42 ± 0.023 
CNEP008 0.002 ± 0.0003 0.005 ± 0.0003 2.34 ± 0.023 
56 
Table 12. (Continued) 
Isolates DCW (g/l) EPS (g/l) Yield (g EPS / g DCW) 
CNEP017 0.004 ± 0.0001 0.009 ± 0.0002 2.31 ± 0.057 
CNEP040 0.002 ± 0.0002 0.005 ± 0.0002 2.28 ± 0.089 
CNEP013 0.002 ± 0.0004 0.005 ± 0.0002  2.26 ±0.046 
CNEP051 0.003 ± 0.0002 0.008 ± 0.0018 2.20 ± 0.056 
CNEP043 0.006 ± 0.0002 0.013 ± 0.0009 2.19 ± 0.046 
CNEP012 0.009 ± 0.0026 0.019 ± 0.0015 2.13 ± 0.039 
CNEP029 0.010 ± 0.0035 0.020 ± 0.0003 2.08 ± 0.086 
CNEP019 0.006 ± 0.0014 0.013 ± 0.0002 2.04 ± 0.048 
CNEP034 0.011 ± 0.0028 0.020 ± 0.0014 2.02 ± 0.047 
CNEP072 0.006 ± 0.0006 0.010 ± 0.0006 1.72 ± 0.058 
CNEP031 0.010 ± 0.0013 0.017 ± 0.0032 1.69 ± 0.065  
CNEP052 0.009 ± 0.0012 0.015 ± 0.0011 1.60 ± 0.057  
CNEP033 0.010 ± 0.0007 0.016 ± 0.0008 1.54 ± 0.057  
CNEP068 0.008 ± 0.0004 0.012 ± 0.0006 1.47 ± 0.071 
CNEP069 0.009 ± 0.0007 0.013 ± 0.0004 1.46 ± 0.026 
CNEP032 0.010 ± 0.0007 0.013 ± 0.0011 1.37 ± 0.045 
CNEP055 0.017 ± 0.0012 0.023 ± 0.0011 1.37 ± 0.035 
CNEP022 0.004 ± 0.0005 0.005 ± 0.0001 1.34 ± 0.036 
CNEP048 0.007 ± 0.0003 0.009 ± 0.0001 1.34 ± 0.069 
CNEP062 0.008 ± 0.0005 0.010 ± 0.0002 1.28 ± 0.068 
CNEP060 0.002 ± 0.0002 0.003 ± 0.0041 1.26 ± 0.058 
CNEP023 0.008 ± 0.0005 0.011 ± 0.0004 1.25 ± 0.057 
CNEP058 0.013 ± 0.001 0.015 ± 0.0003 1.22 ± 0.046  
CNEP046 0.007 ± 0.0003 0.008 ± 0.0003 1.15 ± 0.059 
CNEP027 0.024 ± 0.004 0.026 ± 0.0031 1.11 ± 0.026 
CNEP066 0.008 ± 0.001 0.009 ± 0.0002 1.09 ± 0.046 
CNEP054 0.013 ± 0.0014 0.014 ± 0.0007 1.06 ± 0.090 
CNEP057 0.014 ± 0.0002 0.014 ± 0.0012 1.05 ± 0.091 
57 
Table 12. (Continued) 
Isolates DCW (g/l) EPS (g/l) Yield (g EPS / g DCW) 
CNEP050 0.009 ± 0.0002 0.009 ± 0.0003 1.04 ± 0.051 
CNEP037 0.007 ± 0.0004 0.007 ± 0.0001 1.01 ± 0.056 
CNEP005 0.003 ± 0.0002 0.003 ± 0.001 0.83 ± 0.056 
CNEP011 0.009 ± 0.001 0.007 ± 0.0005 0.83 ± 0.035 
CNEP074 0.007 ± 0.0003 0.004 ± 0.0006 0.65 ± 0.063 
CNEP080 0.008 ± 0.0015 0.004 ± 0.0002 0.59 ± 0.065 
CNEP073 0.009 ± 0.0029 0.005 ± 0.0012 0.56 ± 0.045 
CNEP063 0.012 ± 0.0003 0.006 ± 0.0004 0.54 ± 0.027 
CNEP056 0.015 ± 0.0006 0.008 ± 0.0007 0.53 ± 0.071 
CNEP064 0.011 ± 0.0025 0.005 ± 0.0004 0.51 ± 0.045 
CNEP075 0.010 ± 0.0011 0.005 ± 0.0008 0.50 ± 0.035 
CNEP025 0.012 ± 0.0002 0.006 ± 0.0003 0.48 ± 0.018 
CNEP038 0.005 ± 0.0023 0.002 ± 0.0004 0.46 ± 0.026 
CNEP065 0.011 ± 0.0004 0.005 ± 0.0007 0.46 ± 0.053 
CNEP007 0.004 ± 0.0002 0.002 ± 0.0003 0.46 ± 0.086 
CNEP061 0.013 ± 0.0028 0.005 ± 0.0015 0.45 ± 0.056  
CNEP016 0.013 ± 0.0003 0.005 ± 0.0001 0.41 ± 0.016 
CNEP039 0.006 ± 0.0023 0.002 ± 0.0009 0.40 ± 0.017 
CNEP014 0.014 ± 0.0009 0.005 ± 0.0007 0.35 ± 0.025 
CNEP067 0.004 ± 0.0002 0.001 ± 0.0009 0.34 ± 0.036 
CNEP053 0.014 ± 0.0006 0.004 ± 0.0003 0.27 ± 0.028 
CNEP076 0.009 ± 0.0007 0.002 ± 0.0012 0.25 ± 0.069 
CNEP078 0.009 ± 0.0005 0.002 ± 0.001 0.23 ± 0.056 
CNEP077 0.012 ± 0.0012 0.003 ± 0.0006 0.23 ± 0.046 
CNEP049 0.030 ± 0.0002 0.006 ± 0.0001 0.21 ± 0.012 
CNEP001 0.013 ± 0.0002 0.003 ± 0.0009 0.20 ± 0.074 
CNEP035 0.014 ± 0.0006 0.003 ± 0.0002 0.19 ± 0.003 
CNEP059 0.015 ± 0.0015 0.003 ± 0.0003 0.19 ± 0.034 
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Table 12. (Continued) 
Isolates DCW(g/l) EPS (g/l) Yield (g EPS / g DCW) 
CNEP002 0.013 ± 0.0005 0.002 ± 0.0002 0.19 ± 0.023 
CNEP009 0.012 ± 0.0004 0.001 ± 0.0004 0.18 ± 0.015 
CNEP045 0.007 ± 0.0011 0.001 ± 0.0004 0.16 ± 0.077 
CNEP047 0.004 ± 0.0003 0.001 ± 0.0004 0.15 ± 0.077 
CNEP042 0.009 ± 0.0001 0.001 ± 0.0001 0.15 ± 0.007 
CNEP041 0.010 ± 0.0017 0.001 ± 0.0002 0.09 ± 0.033 
CNEP030 0.009 ± 0.0007 0.001 ± 0.0002 0.05 ± 0.016 
CNEP028 0.008 ± 0.0002 0.0004 ± 0.0001 0.05 ± 0.015 
CNEP036 0.012 ± 0.0004 0.001 ± 0.0002 0.05 ± 0.013 
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Figure 13. Yield of exopolysaccharides produced by 20 selected isolates were cultivated in SWM,  






2. 9	 	$%&'&(	')&:;9 &)<      
16S rDNA 
 
 +7O2,4O14-.- 1 7++ 20 1=B 7475+5
,
W<	=B=5B,,14 =4<374
+<,=14. 16S rDNA =494=+<4
	+4- Promega kit 5%<,%3=+<4	+9414-4-<*- 1% agarose gel 
electrophoresis 

4	+j+ Lamda DNA/EcoRI+HindIII Marker W4

4	+9414-5%%+<,=14/%> 21,226  30,000 bp +2++7
=+<4	+9414-5%7</<>+ 16S rDNA 4-,+<, PCR 
=4*- Forward Primer /@+ 27F 5% Reverse Primer /@+ 1492R 
<2+9+.4	+
<7++=40/<<< PCR %+<,=14/%> 1,375 bp <,%374
    
+<,=14.%7=494	+1/<,%3 Macrogen Incorporation /%0
34-<<,%374

9=4*- automated DNA sequencer  
 
,74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,=. 16S rDNA /&*+j+.-&. Genbank 




,514-% (Figure 14) 
9M475+O214-/@+ 7 
8*3? ,O 8 1 14-5 1=B CNEP008 ,9+*-,
O2 Staphylococcus 
8 2 14-5 1=B CNEP015, CNEP003, CNEP070, CNEP071, CNEP013 5% CNEP012 
,9+*-,
O28 Bacillus 8 3 14-5 1=B CNEP049, CNEP019, 
CNEP034, CNEP029, CNEP079, CNEP024, CNEP021 5% CNEP026 ,9+*-,

O28 Pseudoalteromonas 8 4 14-5 CNEP051 ,9+*-,
O28 
Vibrio 8 5 14-5 1=B CNEP017 ,9+*-,
O28 Pseudomonas 8
 6 14-5 1=B CNEP043 5% CNEP020 ,9+*-,
O28 Alteromonas 





 O2 CNEP026 ,9+
*-,
O2 Pseudoalteromonas sp. 82 /B	+ BA+%/@+O29+8*3 9+O2 
CNEP008 5% CNEP051 ,9+*-,
O2 Staphylococcus epidermidis 5% Vibrio 
alginolyticus BA
/@+O2=, =4O2 S. epidermidis /@+O2*3-<4=,W<3+ 9+ 
O2 V. alginolyticus /@+O2*3-<4=,8%*++8P    
60 
Table 13. Identification results of exopolysaccharides producing strains by 16S rDNA analysis. 
Remark: * New strain 




CNEP008 Staphylococcus epidermidis BBAR7-13dT FJ217188 99 (1414/1419) 
CNEP003 Bacillus amyloliquefaciens NBRC 15535T AB325583 99 (1416/1421) 
CNEP012 Bacillus subtilis CECT39T AJ276351 99 (1434/1441) 
CNEP013 Bacillus subtilis CECT39T AJ276351 99 (1436/1444) 
CNEP015 Bacillus pumilus NBRC12092T AB271753 99 (1411/1414) 
CNEP070 Bacillus amyloliquefaciens NBRC 15535T AB325583 99 (1414/1419) 
CNEP071 Bacillus amyloliquefaciens NBRC 15535T AB325583 99 (1424/1432) 
CNEP019 Pseudoalteromonas whanghaensis DQ011615 98 (1401/1420) 
CNEP021 Pseudoalteromonas ganghwensis FR1302T DQ011614 99 (1401/1412) 
CNEP024 Pseudoalteromonas ganghwensis FR1302T DQ011614 99 (1402/1413) 
CNEP026* Pseudoalteromonas ganghwensis FR1302T DQ011614 82* (1180/1424) 
CNEP029* Pseudoalteromonas whanghaensis DQ011615 96* (1375/1424) 
CNEP034 Pseudoalteromonas whanghaensis DQ011615 98 (1396/1420) 
CNEP040 Pseudoalteromonas whanghaensis DQ011615 98 (1408/1427) 
CNEP079 Pseudoalteromonas ganghwensis FR1302T DQ011614 98 (1391/1418) 
CNEP051 Vibrio alginolyticus ATCC17749T X74690 99 (1419/1429) 
CNEP017 Pseudomonas doudoroffii MBIC1298T AB019390 98 (1395/1421) 
CNEP020 Alteromonas macleodii IAM 12920T X74690 99 (1396/1408) 
CNEP043 Alteromonas macleodii IAM 12920T X82145 99 (1394/1404) 
CNEP018 Marinobacter hydrocarbonoclasticus S6-02T EU624424 98 (1405/1420) 
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Figure 14. Phylogenetic tree analysis based on almost completed 16S rDNA gene sequence. 
Numbers within the phylogenetic tree indicate the percentages of occurrence of the 
branching order in 1000 bootstrapped trees. T is type strain. 
CNEP018 
Marinobacter hydrocarbonoclasticus S6-02T (EU624424) 
CNEP043 (2 strains) 
Alteromonas macleodii IAM 12920T (X82145) 
Alteromonas tagae BCRC 17571T (DQ836765) 
994 
CNEP017 
Pseudomonas doudoroffii MBIC1298T (AB019390) 
CNEP051 




Pseudoalteromonas citrea NCIMB 1889T (X82137) 
Pseudoalteromonas distincta KMM638T (AF043742) 
Pseudoalteromonas ganghwensis FR1302T (DQ011614) 
CNEP079 (3 strains) 
CNEP019 (3 strains) 
CNEP029 













CNEP003 (3 strains)  
Bacillus amyloliquefaciens NBRC 15535T (AB325583) 
CNEP012 (2 strains) 
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,=14. 16S rDNA 14-5
,514-
% 5 1=B 9MW<	=B=5B,,1414-984
74
+<,=. 
16S rDNA /&*+j+.-&. GenBank 4594*+ Table 13 5% Figure 14 

5
,1=B CNEP003, CNEP070 5% CNEP071 ,9+*-,
O2 Bacillus 
amyloliquefaciens NBRC 15535T (99 /B	+) O0APP>%9>j+<*--
80+




753+/.B (Figure 15) 1=B CNEP012 ,9+*-,
O2 











O2 B. subtilis (99.77 /B	+) O7
,74
       
+<,=14. 16S rDNA 9+5
,9+8 CNEP079 ,9+*-,
O2 
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9MW<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5B,,1414- (Rougeaux et 











Figure 15. Morphology under microscopic view (×100) of (A) B. amyloliquefaciens CNEP003,            
B. amyloliquefaciens CNEP070 and B. amyloliquefaciens CNEP071, (B) B. subtilis 
CNEP012, and (C) P. ganghwensis CNEP079. Arrows indicate spores. Bar, 10 µm.
   
(A) (B) 
(C) 
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 +7O22 5 9+8,9M*+W<	=B=5B,,14
*+3314-9&.- 1 5%W475+O2O++1/@+O2=,.- 2 
2*+3 SWM, YPM 5% ZMB 
O22 5 1=B (Figure 16) 9MW<      
	=B=5B,,1414-984O72*+32O29& YPM =4O2                 
B. amyloliquefaciens CNEP003, P. ganghwensis CNEP079, B. amyloliquefaciens CNEP071,       
B. amyloliquefaciens CNEP070 5% B. subtilis CNEP012 W<	=B=5B,,1414-
 
3.07, 2.87, 2.75, 2.62 5% 2.40 +273+B53- 74
 ,O3     
2O29& SWM O2 B. amyloliquefaciens CNEP003, P. ganghwensis CNEP079,                           
B. amyloliquefaciens CNEP071, B. amyloliquefaciens CNEP070 5% B. subtilis CNEP012 
W<	=B=5B,,1414-
 2.76, 2.62, 2.37, 2.43 5% 2.20 +273+B 
53- 74
 2+2+O531+=+&*+/<>7*3-O2+71/*-*+        
<?+7W<	=B=5B,,14 5%*+32O29& ZMB O2               
B. amyloliquefaciens CNEP003, P. ganghwensis CNEP079, B. amyloliquefaciens CNEP071,      
B. amyloliquefaciens CNEP070 5% B. subtilis CNEP012 W<	=B=5B,,1414-
 












,O*-*+<?5%W<	=B=5B,,14 (Gokcen et al., 2007) 
 W4594*+ Figure 16 
O22 5 9+8 9MW<	
=B=5B,,1414-984 O2*+3 YPM =4O2 B. amyloliquefaciens CNEP003 
9MW<	=B=5B,,1414-9&984 =4,<4/@+WW<B14- 
 3.07           
+273+B53- 9+O2 P. ganghwensis CNEP079, B. amyloliquefaciens 
CNEP071, B. amyloliquefaciens CNEP070 5% B. subtilis CNEP012 *3-WW<B
 
2.87, 2.75, 2.62 5% 2.40 +273+B53- 74
 4594*+ Table 14 BA9&
WW<.	=B=5B,,1414-4. Maria 5%,>% (1996) BA0AP
64 
W<	=B=5B,,14O2 Bacillus thermoantarcticus 
9MW<	=B=5B,
,1414- 400 <<< O2 Pseudoalteromonas ruthenica 514-+27%9M
W<	=B=5B,,1414- 1.6 < (Saravanan 5% Jayachandran, 2007) 5+-
4. Chi 5% Fang (2005) 
O72O2 Cyanothece sp. 113 *+3
9& F/2 *-9%3%9/@+ 12 + 9MW<	=B=5B,,1414-MA 18.4 
< 5%O<>MAWW<B (Yp/x) 
 1=B B. amyloliquefaciens 










Figure 16. Yield of EPS produced by selected isolates when cultivated in SWM, YPM and ZMB 
media.  
    * Different superscripts indicate significant differences (p<0.05) 
 
Table 14. Comparison of the amount of exopolysaccharides and yield of exopolysaccharides  
obtained from selected marine bacteria.  
Isolate Dry Cell weight (DCW) (g/l) EPS (g/l) Yield (g EPS/ g DCW) 
CNEP003 1.03 ± 0.002 3.16 ± 0.015 3.07a*  
CNEP012 0.98 ± 0.002 2.35 ± 0.018 2.40e  
CNEP070 1.01 ± 0.003 2.65 ± 0.017 2.62d  
CNEP071 1.02 ± 0.002 2.81 ± 0.017 2.75c  
CNEP079 1.03 ± 0.002 2.96 ± 0.019 2.87b  
* Different superscripts indicate significant differences (p<0.05) 
a* b c d e 






 +7	=B=5B,,1414-O22 5 9+87<,%3
,/%
5%+<4.	=B=5B,,14 =4 Thin Layer Chromatography (TLC) =4*-
7%,O+BA/%
1/4- Dichloromethane: Acetonitrile: Acetic acid: Water *+
9+ 5: 3: 3: 1.5 =4/< =4+275=+9 1B=9 %
<=+9 8=9 5+=+9 
&=,9 5%5,=9/@++27j+ 
 TLC chromatogram 9
4- 
anisaldehyde .+27j+2 7 +<4,O 5=+9 1B=9 %
<=+9 8=9 5+=+9 
&=,9 5,=9 5%=9 , Retention factor (Rf) 
 0.46, 0.35, 0.31, 0.28, 0.27, 
0.25 0.23 5% 0.15 74
 9+	=B=5B,,14W<1=B CNEP003, 
CNEP070, CNEP071, CNEP012 5% CNEP079 8*3-, Rf 
 0.25 BA
, Rf 








4-5&*+949+5+ (Linton et al., 1991) +4. Kae 5%,>% 
(2002) 0AP,8>9
<.	=B=5B,,14W<=48<+ 7 9+8 ,O Micrococcus 
luteus, Bacillus thuringiensis, Bacillus megaterium, Staphylococcus saprophyticus,  
Agrobacterium vitis, A. vitis 5% Sulfitobacter pontiacus BA514-+27% +71/2*+
3 YMG broth 




4-+27&=,9 5,=9 5+=+9 
1=
9 5%1B=9 5%4. Lemoine 5%,>% (1997) 0AP,/%
.	=B
=5B,,14W< Streptococcus thermophilus SFi39 5% SFi12 
	=B=5BB,
14W< S. thermophilus SFi39 /%
4-&=,95%5=9 *+.>%	=B=
5BB,14W< S. thermophilus SFi12 /%
4-&=,9 5=9 5%5=+9 
4+2+%3	+14-O2 B. amyloliquefaciens CNEP003 ,/%
3.	=B=5B,,













Figure 17. Thin layer chromatogram (TLC) of EPS samples (Lane 1: rhamnose, Lane 2: xylose,  
Lane 3: arabinose, Lane 4: fructose, Lane 5: mannose, Lane 6: galactose, Lane 7: 
glucose, Lane 8: hydrolysed EPS of B. amyloliquefaciens CNEP003, Lane 9:             
B. subtilis CNEP012, Lane 10: B. amyloliquefaciens CNEP070, Lane 11:                   
B. amyloliquefaciens CNEP071, Lane 12: P. ganghwensis CNEP079 and Lane 13: 
control YPM medium). 
 
   +7	=B=5B,,1414-O22 5 9+870AP,
3+O4.9%	=B=5B,,14,.-.-+ 5 /B	+ (+273+/<) 

5, 1 9+8+2+9M4,,3+O414- =4A4, % torque *+ 30-90 
/B	+ /@+>*+O,,3+O4414- +O*+4,,3+O414-
MO/@+,OMO14- (Lewis, 1996) =4
,3+O4.9%	=B=5B,,14
,.-.-+ 5 /B	+ O2 B. amyloliquefaciens CNEP003 O4,	 1 
+ 
*3-,3+O4984 =49%	=B=5B,,14O2 B. amyloliquefaciens 
CNEP003 ,3+O4/@+ 653 cP (Table 15) BA/@+,,3+O49&984 9+9%	=B
=5B,,14O2 P. ganghwensis CNEP079, B. amyloliquefaciens CNEP071, B. 
amyloliquefaciens CNEP070 5% B. subtilis CNEP012 
,3+O4
 46, 35, 29 5% 
15 cP 74
 BA94,-
4. Dupont 5%,>% (2000) 0AP,3+O4.
9%	=B=5B,,14O2 Lactobacillus rhamnosus ATCC 9595M, Lactobacillus 
Rf = 0.25 
Origin 
Solvent front 
1       2      3       4      5       6     7      8        9         10       11      12       13     
67 
rhamnosus R 5% Lactobacillus paracasei Type V 
,3+O4.9%	=B=
5B,,1414-O2 L. rhamnosus ATCC 9595M, L. rhamnosus R 5% L. paracasei Type V 
,,3+O4






,5%+<4W<.A2+ 4+2+%3	+14-O2 B. amyloliquefaciens CNEP003 ,,3+O4
5%W<	=B=5B,,149&9845%,/%
3/@+&=,9 AOO2 B. 
amyloliquefaciens CNEP003 O*-*+0AP*+.2+1/ 
Table 15. Viscosity of exopolysaccharides obtained from marine bacteria cultivated in YPM broth 
and incubated at 45 °C for 96 h. 
Strain Viscosity (cP) 
B. amyloliquefaciens CNEP003 653 
P. ganghwensis CNEP079 46 
B. amyloliquefaciens CNEP071 35 
B. amyloliquefaciens CNEP070 29 
B. subtilis CNEP012 15 
 
 
4. ; Time course <$%&'&(	')	
)* 
 
  +7O2 B. amyloliquefaciens CNEP003 ,9M*+W<	=B=
5B,,14*+3314-9&984.- 3.1 0AP<?5%W<	=B=5B,,
14=42O2*+3 YPM 
8>3&< 45 0BB9 =40AP<?5%
W<	=B=5B,,14 
O2 B. amyloliquefaciens CNEP003 <?4	
*+= 24 =4,+273+B53-<.A2+ 0.18 /@+ 1.17 < +2+
<?%<-5%.-9&%%, O2<?9&984 24 = =4,+273+B
53-
 1.17 < 5%*+W<	=B=5B,,14.O2 B. amyloliquefaciens 
CNEP003 %<W<	=B=5B,,144	*+= 24 5%<.A2+
+O+MA= 96 O29MW<	=B=5B,,1414-984,O 3.15 < 
,<4/@+WW<B




O2 B. amyloliquefaciens CNEP003 %W<	=B=5B,,1414-984O               
<?.O2&*+%%,  594*3-3	+W<	=B=5B,,14.O2                              
B. amyloliquefaciens CNEP003 /@+5

19+
<? (non growth-associated 
production)  94,-
4. Shih 5%,>% (2005) 0APW<	=B=5B,








=5B,,14O2 B. subtilis B-1 
 10 =5O2<?9&9845    
W<	=B=5B,,14+- 5%O2<?4+MA= 20 5W<    
	=B=5B,,14<.A2+ (Morikawa et al., 2006) 4+2+%3	+14-2O2                             
B. amyloliquefaciens CNEP003 /@+ 96 = O29MW<	=B=5B,,1414-
9&984 AO2O2 96 = 973
W<	=B=5B,,14O*-*+










Figure 18. Time course of cell growth and exopolysaccharides production obtained from B. 








 5.1  < 9$;"
!"$R$%&'&(	') 
 O2O2 B. amyloliquefaciens CNEP003 *+3 YPM /< 100 
<<< *+9.+4 250 <<< /%
1/4-53,
+ ,O &=,9 B&=,9 5,
=9 5%=9 ,.-.-+ 20 <  96 = 




14 =4O2 B. amyloliquefaciens CNEP003 <?14-+-*+3&=,95%B&=,9/@+
53,
+ 5<?14-4*+35,=95%=9/@+53,









 3.15 < ,<4/@+WW<B
 3.01 
+273+B53- *+.>%*-+27&=,9 5,=9 5%=9/@+53
,
+ O2W<	=B=5B,,1414- 2.55, 1.42 5% 2.08 +273+B53- 
74
 BA94,-
4. Himanshu 5%,>% (1997) 0APW<	=B=
5B,,14. Bacillus megaterium *+3&=,9 8=9 B&=,9 5,=9 5%
=9 
 B. megaterium W<	=B=5B,,1414-984*+3B&=,9/@+
53,
+ =4/<>	=B=5B,,14 O2W<14-
 9.20 < 
+4
4. Lee 5%,>% (1997) 0APW<	=B=5B,,14.O2 
Bacillus polymyxa *+353,
++<4o ,O &=,9 8=9 B&=,9                
5=9 5=9 5%9%5/Q
 B. polymyxa 9MW<	=B=5B,,14
14-4984O*-B&=,9/@+53,
+ 5%++2
 Pediococcus pentosaceus 9
+8 AP-1 5% AP-3 9MW<	=B=5B,,1414-4O*-B&=,9/@+53,
+ 
=4 P. pentosaceus 9+8 AP-1 5% AP-3 W<	=B=5B,,1414- 6 5% 2.5 
< 74




.O2 B. amyloliquefaciens CNEP003 +OO2 B. amyloliquefaciens CNEP003 W<
+1BB&,9 (sucrase) BA/@++1B*+%8-+*3-W<	=B=5B,,14
B&=,9 =4+1BB&,9%73+-9,%3	=B=5B,,14*+8===5B,
,14BA%/@+&5,+ (glucans) =43+.+27 ,O+27&=,9 3O85+ 
70 
(fructans) BA3+ ,O8=9 (Van Hijum et al., 2006) 4+2+%3	+14-2O2    
B. amyloliquefaciens CNEP003 *+3B&=,9/@+53,
















Figure 19. Effect of carbon sources on cell growth, exopolysaccharides production by                  
B. amyloliquefaciens CNEP003 after cultivation at 45 ºC for 96 h. 
 * Different superscripts indicate significant differences (p<0.05) 
 
 5.2  "<*"<* < 9$;"
!"$R$%&'&(	') 
 O2O2 B. amyloliquefaciens CNEP003 *+3 YPM /< 100 
<<< *+9.+4 250 <<< =4*-B&=,9/@+53,
+ ,.-.-+ 10, 20, 
30, 40, 50, 60, 70 5% 80 <  96 = =4
8>3&< 45 0BB9 





 60 < 
















<BA.O2 (Fang and 
Zhong, 2002) 5%,.-.-+.+27WW<	=B=5B,,14 O<,
.-.-+.+27W<	=B=5B,,14	%<.A2+4- (Bryan et al., 1986) BA94,-

W4. Gokcen 5%,>% (2007) 0AP,.-.-+.+27W<	=B




 30 5% 20 < 74
 O29MW<	=B=5B,,14
14-984 5O<,.-.-+.+27W<	=B=5B,,14%4 Lee 5%




4. Arskold 5%,>% (2007) 0AP,.-.-+.B&=,9




 50 < O2W<	=B=5B,,1414-+- 5O<,
.-.-+.B&=,9/@+ 100 < O2W<	=B=5B,,1414-9&MA 3.4 < 
4+2+%3	+14-2O2 B. amyloliquefaciens CNEP003 *+3*-B&=,9,
.-.-+ 60 < /@+53,
+  96 = 
8>3&< 45 0BB9 %7























Figure 20. Effect of sucrose concentrations on cell growth, exopolysaccharides production by        
B. amyloliquefaciens CNEP003 after cultivation at 45 ºC for 96 h. 
 * Different superscripts indicate significant differences (p<0.05) 
 
 
 5.3  <	;R) &$ ;"
!"$R$%&'&(	') 
 O2O2 B. amyloliquefaciens CNEP003 *+3 YMG /< 100 
<<< *+9.+4 250 <<< /%
4-53,
+3%9 ,O B&=,9 ,
.-.-+ 60 < 5%531+=+ ,O 994 //=+ +O294 5%5=+1+
 ,.-.-+ 8.47 <  96 = 
8>3&< 45 0BB9 
+<4
.531+=+<1/*+3W<?5%W<	=B=5B,,14 =4
O2 B. amyloliquefaciens CNEP003 <?14-+-*+35=+1+5%//=+
/@+531+=+ 5<?14-4*+3994 +O294 5%994
//=+
/@+1+=+ (Figure 21) 5%O/

W<	=B=5B,,1453










cde cd cd ef ef 
73 
=5B,,1414- 4.81, 3.95, 1.76 5% 4.90 +273+B53- 74
 BA
94,-
4. McKellar 5%,>% (2003) 0AP<<.531+=+




















Figure 21. Effect of nitrogen sources on cell growth, exopolysaccharides production by                 
B. amyloliquefaciens CNEP003 after cultivation at 45 ºC for 96 h. 
 * Different superscripts indicate significant differences (p<0.05) 
 
 
 5.4 "<*"<* <!$!;"
!"$R$%&'&(	') 
 O2O2 B. amyloliquefaciens CNEP003 *+3 YMG /< 100 
<<< *+9.+4 250 <<< /%
4-53,
+3%9 ,O B&=,9 ,
.-.-+ 60 < 5%*-994/@+531+=+,.-.-+ 2, 4, 6, 8.47, 10 5% 12 
<  96 = 











 8.47 < 
O2
W<	=B=5B,,149&984 ,O 7.56 < ,<4/@+WW<B
 5.67 




Degeest 5%,>% (1999) 0APW<	=B=5B,,14O2 Streptococcus 
thermophilus LY03 2*+3*-//=+ 
994 *+9+ 2.5:1 (w/w) =4
0AP,.-.-+.531+=+




 4.2 /B	+ O29MW<	=B=5B,,1414-
9&984
 1,142 <<< 5O,.-.-+.531+=+<.A2+/@+ 5.6 5% 
7 /B	+ 






,14 (Sutherland, 1990) 1	*+32O2%-/<>.53,
+5%
531+=+3%9A%7*3-W<	=B=5B,,1414-<.A2+ (Degeest and 
De Vuyst, 2000) 4+2+%3	+14-2O2 B. amyloliquefaciens CNEP003 *+3*-
B&=,9,.-.-+ 60 < /@+53,
+ 5%*-994,.-.-+ 8.47 
<  96 = 
8>3&< 45 0BB9 %7*3-14-W<	=B=5B,




















Figure 22. Effect of yeast extract concentrations on cell growth, exopolysaccharides production  
by B. amyloliquefaciens CNEP003 after cultivation at 45 ºC for 96 h. 
 * Different superscripts indicate significant differences (p<0.05) 
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"$* ;"
!"$R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 *+9.+4 250 <<< /%
4-53,
+3%9 ,O B&=,9 ,
.-.-+ 60 < 5%531+=+3%9 ,O 994 ,.-.-+ 8.47 
< =4/
<-+.32O2
 5.5, 6, 6.5, 7, 7.5 5% 8 2O2      
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 96 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 5.5, 6 5%  6.5 
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<?14-+-*+32O2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-+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< ,<4/@+WW<B
 
9.58 +273+B53- (Figure 23) 94,-
4. Lee 5%,>% (1997) 










4. Shu 5% Lung (2003) 
O*+3,9&.A2+ 
/<>.	=B=5B,,14	%.A2+4- 5O*+34 (4) /<>
.	=B=5B,,14	%44- Silvia 5% Crispin (2006) 0APW<	=B=
5B,,14O2 Pseudomonas 5% Arthrobacter  5, 6, 7 5% 8 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	=B=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2O2 B. amyloliquefaciens CNEP003 *+3*-B&=,9,.-.-+ 60 < 
/@+53,
+ 5%*-994,.-.-+ 8.47 < *+32O2,
<-+
 7.5  96 = 
8>3&< 45 0BB9 %7*3-14-W<	
=B=5B,,149&984 AO*-32O2,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Figure 23. Effect of initial pH on cell growth, exopolysaccharides production by                          
B. amyloliquefaciens CNEP003 after cultivation at 45 ºC for 96 h. 










 O2O2 B. amyloliquefaciens CNEP003 *+3 YMG /< 100 
<<< *+9.+4 250 <<< /%
4-53,
+3%9 ,O B&=,9 ,
.-.-+ 60 < 5%531+=+3%9 ,O 994 ,.-.-+ 8.47 
< =4/
<-+.32O2
 7.5 2O28>3&< 25, 30 (8>3&<3-), 
45 5% 55 0BB9 /@+ 96 = 




 10.36 +273+B53- (Figure 24) 





/%> 45 MA 60 0
BB9 *+.>%8>3&< 25, 8>3&<3- (30 ± 3 0BB9) 5% 55 0BB9 O2%
<?14-+-5%/<>	=B=5B,,14W<14-43O 7.75, 8.32 5% 10.04 
< 74
 ,<4/@+WW<B
 8.37, 9.39 5% 10.21 +273+B53- 
74
 (Figure 24) 94,-
4. Vuyst 5%,>% (1997) 0APW<	=B




 352 <<< *+.>%
8>3&< 30 5% 37 0BB9 
O2W<	=B=5B,,1443O 202 5% 325 
<<< 74
 9+8>3&< 50 0BB9 
O21W<	=B=5B,,
14 +4
4. Seo 5%,>% (2004) 72O2 Sphingomonas sp. CS101 
*+M3 B&=,9 5 /B	+ 994 0.25 /B	+ 5%4,B<=+ (casamino acid) 
0.25 /B	+ /@+3973
2O2 5%*-8>3&<*+3,O 25 MA 45 0BB9 

8>3&< 30 0BB9 O29MW<	=B=5B,,1414-984 ,O 17.2 
< O2O2/@+ 4 + *+M3 Arskold 5%,>% (2007) 0APW<	=B
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+273+B53- 
*+.>%8>3&< 30 5% 43 0BB9 O2W<	=B=5B,,1414-43O 0.36 
5% 0.38 +273+B53- 74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+2+%3	+14-2O2 B. 
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 /@+53
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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Figure 24. Effect of temperature on cell growth, exopolysaccharides production by                      
B. amyloliquefaciens CNEP003 for 96 h. 
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-+.32O2/@+ 7.5 8>3&< 45 0BB9 =4<4
<?.O25%W<	=B=5B,,148 24 = /@+ 240 = =47








+32O2 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< 
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+ 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Figure 25. Growth curve of B. amyloliquefaciens CNEP003 in YMG broth (pH 7.5, 45 ºC) 
containing 60 g/l sucrose and 8.47 g/l yeast extract as carbon and nitrogen sources, 
respectively. 
 
   W<	=B=5B,,14.O2 B. amyloliquefaciens CNEP003 %<
W<	=B=5B,,144	*+= 24 5%<.A2++O+MA= 
96 O29MW<	=B=5B,,1414-9&984,O 12.48 <(Figure 26a) ,<4/@+
WW<B
 20.51 =/+234.B 5%9/%9<<9-
WW<B (Yp/x) 
 11.44 	=B=5B,,14+273+B53- 4
594*+ Figure 26b 5%3= 96 
O2W<	=B=5B,,144
-o W<	=B=5B,,14O2 B. amyloliquefaciens CNEP003 %W<	=B=
5B,,1414-984O<?.O2&*+%%, 594*3-3	+W<	=B=





growth-associated production)  94,-
4. Shih 5%,>% (2005) 0AP








W<	=B=5B,,14O2 B. subtilis B-1 
 10 =5O2
<?9&9845W<	=B=5B,,14+- 5%O2<?4+MA= 
20 5W<	=B=5B,,14<.A2+ (Morikawa et al., 2006) *++.-







<? (growth-associated production)  
   O0AP/+5/,.32O2 
,.3
2O2%44	 7.1 3O 5.59 *+ 24 =5.<? (Figure 26a) 






4. Jayaraman 5% Seetharaman (2002) 0AP,      
.32O22O2 Vibrio alginolyticus 
,.32O2%4




5%,>% (2003) 0AP,.32O22O2 Lactobacillus brevis G-77 5% 
Pediococcus damnosus 2.6 
,.32O2%4+O=4O2           
L. brevis G-77 ,.32O2%4 6 3O 4 O9<2+9844*+= 
24 9+O2 P. damnosus 2.6 ,.32O2%4 6 3O 4.2 O9<2+984
4*+= 24  
   O0AP*-+27.O2 B. amyloliquefaciens CNEP003 
OO2
<?5%W<	=B=5B,,144	*+ 24 =5 %7*3-/<>+27
B&=,944	1/4- =4/<>+27B&=,9%4 5.2 /B	+ 3O 
1.19 /B	+ 5%/<>+27B&=,9%4-o O<?.O2.-9&%%, 
5%W<	=B=5B,,14<4 O9<2+9844 240 = 

/<>+27B&=,9%43O 0 /B	+ (Figure 26a) 5%9/%9<</++27
B&=,91//@+	=B=5B,,14 (Yp/s) %</++27B&=,91//@+	=B=




B&=,9 (Figure 26b) 5%3= 96 
O2/++27B&=,91//@+	






. Prasertsan 5%,>% (2007) 0AP*-+27B&=,9.O2 Enterobacter cloacae WD7 

OO2<?5%W<	=B=5B,,14<.A2+ /<>+27B&=,9	%
44- =4/<>+27B&=,9O2 E. cloacae WD7 *-1/%4 3 /B	+ /@+ 1 
/B	+ O9<2+9844 72 = 5%/++27B&=,91//@+	=B=
5B,,14 (Yp/s) 
 0.2 	=B=5B,,14B&=,9 +4
4
. Lee 5%,>% (1997) 0AP*-+27B&=,9.O2 Bacillus polymyxa 
OO2
<?5%W<	=B=5B,,14<.A2+ /<>+27B&=,9	%44- =4
/<>+27B&=,9O2 B. polymyxa *-1/%4 80 < /@+ 10 < 
O9<2+9844 50 = 5%/++27B&=,91//@+	=B=5B,,14 
(Yp/s) 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 3.15 < (Figure 18) 5O2O2 B. amyloliquefaciens CNEP003 
*+3*-B&=,9,.-.-+ 60 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< 5%*-9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
W<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5B,,14 
9MW<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WW<	=B=5B,,14.O2 B. amyloliquefaciens CNEP003 BA94,-

4. Lee 5%,>% (1997) 0APW<	=B=5B,,14.O2 Bacillus 
polymyxa *+353,
++<4o ,O &=,9 8=9 B&=,9 5=9 5
=9 5%9%5/Q 
 B. polymyxa 9MW<	=B=5B,,1414-4984O*-
B&=,9/@+53,




4. Arskold 5%,>% (2007) 0AP,.-.-+.B&=,93%9
W<	=B=5B,,14O2 Lactobacillus reuteri ATCC 55730 
O<,
.-.-+.B&=,9/<>	=B=5B,,14W<14-<.A2+4- =4,.-.-+.
B&=,9 100 < O2W<	=B=5B,,1414-9&984
 3.4 < 
+4
4. Prasertsan 5%,>% (2008) 0APW<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5B,,14
O2 Enterobacter cloacae WD7 
2O2 E. cloacae WD7 *+3*-B&=,9,
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< 5O2O2 E. cloacae WD7 *+3*-B&=,9




 2.71 <  
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B&=,9,.-.-+ 60 < /@+53,








































Figure 26. Time course of cell growth, exopolysaccharides production, pH and residual sugar (a); 
product yield coefficient (Yp/x) and (Yp/s) (b); of B. amyloliquefaciens CNEP003 in 
YMG broth (pH 7.5, 45 ºC) containing 60 g/l sucrose and 8.47 g/l yeast extract as 

















<. (Romero-Bastida et al., 2004) 
 4+7	=B=5B,,14 B. amyloliquefaciens CNEP003 
.A2+&/ =49%	=B=5B,,14,.-.-+ 2, 3, 4 5% 5 /B	+ 
<B/@+9<1BB BA9<1BB%1/454A4&4%3=8.
5% <,9M*+,O+.9<7*3-9O438+.A2+ 5.	5.A2+ 
4,/% 5%7*3-1<458/@+<2+	o%3	
 (Krochta, 2000) =4









<4&.	 (pinholes) 3O7*3-,3+1979 BA%W7*3-BAW+






.-.-+ 3, 4 5% 5 /B	+ *3-P>%9..8+ ,++8 O438+4 4594*+ 
Figure 27 5%O,.-.-+.	=B=5B,,14<.A2+/@+ 3, 4 5% 5 /B	+ 
14-%,3+.A2+,O 0.053, 0.085 5% 0.114 << 74



















Figure 27. Appearances of film prepared from exopolysaccharide produced by B. 
amyloliquefaciens CNEP 003 at concentrations of 2% (A), 3% (B), 4% (C) and 5% 
(D) with 20% glycerol. 
 
  O740AP,.-.-+.BW< 

W<14-,3+&%3 0.051 MA 0.134 << (Table 16) =4W<14-	=B
=5B,,14,.-.-+ 3 /B	+ B 10 /B	+ ,3+7984 
 
0.051 << 5%P>%/% 
 9+W<14-	=B=5B,,14,
.-.-+ 5 /B	+ B 30 /B	+ ,3+984 




B,.-.-+ 30 /B	+ W<14-%,3+984 5%
P>%O2+3+ ++8 B,.-.-+ 25 5% 20 /B	+ ,3+5%
,3+74




4. Silva 5%,>% (2009) 0AP,3+.
W<5,<+ (pectin) 5%5<+ (alginate) =4*-B/@+9<1BB BA,









,O438+9&.A2+ /<>*-9<1BB=41//%>-% 10-60 =4+273+









5W+14-O2+3+%3+% =4,3+.5W+W<14-,,3+1<+     
0.010-0.100 << (97++j+893, 2534) BA4
,3+
.5W+14-	=B=5B,,14,.-.-+ 3 /B	+ 5%B,
.-.-+ 10, 20, 25 5% 30 /B	+ ,3+&*+>73+41- 9+	=B=5B,,
14,.-.-+ 4 /B	+ 5%B,.-.-+ 10, 20 5% 25 /B	+ ,
3+&*+>73+41- (Table 16)  
    O+75W+=749
,5.	5.5W+=4
49
-++54A (tensile strength) BA/@+4,9M.948-++
.4*-54A W45944 Table 16 
O/<>	=B=5B,,14
<.A2+ ,-++54A%<.A2+4- =4W<14-,,-++54A&%3 
0.282 MA 9.671 +<+<< W<14-	=B=5B,,14,.-.-+ 5 
/B	+ B 10 /B	+ ,-++54A9&984 
 9.671 +<+
<< 5%W<14-	=B=5B,,14,.-.-+ 3 /B	+ B 30 
/B	+ ,-++54A+-984 
 0.282 +<+<< BA94,-

4. Lee 5%,>% (2004) 0AP,8>9
<<.W<+ 
(gellan) =44,-++54A.,.-.-+.+ 2, 4, 6, 8 5% 10 
/B	+ 
,.-.-+.+ 10 /B	+ W<14-,-++54A
984 5%,.-.-+.+ 2 /B	+ W<14-,-++54A+-984 
9+W.9<1BB ,O /<>B,-++54A. 
,
.-.-+.B 10 /B	+ %,-++54A5,.-.-+.      
B 20, 25 5% 30 /B	++97,?9M<< ,O,.-.-+ 10 /B	+ 
%,-++54A984 ,.-.-+ 20 5% 25 ,-++54A
74




5% Fennema (1986) O/<>B<.A2+,-++54A%4 
+4
4. Bergo 5% Sobral (2007) 0AP,-++54A.
,.-.-+ 0, 15, 30 5% 45 /B	+ .B 
,.-.-+ 0 /B	+ %,
-++54A984 ,.-.-+ 15 5% 30 ,-++54A74
 






and Sobral, 2007) =4,-++54A.4.5W+84&*+>9M
+7W</@+5W+14- -+5W+14-	=B=5B,,14,.-.-+ 3, 4 5% 5 
,.-.-+.     B 
 30 /B	+ BA73+4,-++54A.47
984




O4O.4 (elongation at brake) BA/@+3%%O44-54A+
.4,4< M-O4.+-594P>%/%5%1O438+ (Guibert, 
1986) W45944 Table 16 
O/<>.	=B=5B,,14<.A2+
/B	+O4%<.A2+4- =4W<14-,O4O.4&%3 25.68 MA 
168.83 /B	+ W<14-	=B=5B,,14,.-.-+ 5 /B	+ B 
30 /B	+ ,,9M*+O4O.4984 
 168.83 /B	+ 5%
W<14-	=B=5B,,14,.-.-+ 3 /B	+ B 10 /B	+ ,
,9M*+O4O.4+-984 
 25.68 /B	+ BA94,-
4
. Lee 5%,>% (2004) 0AP,8>9
<<.W<<+ (gellatin) =4
4,O4O.4.,.-.-+.<+ 2, 4, 6 5% 8 /B	+ 
,
.-.-+.<+ 8 /B	+ W<14-,,9M*+O4O.4984 
5%,.-.-+.+ 2 /B	+ W<14-,,9M*+O4O.4
+-984 9+W.9<1BB ,O/<>B,,9M*+O4O
.4. 
,.-.-+.B 30 /B	+ %,,9M*+O4
O.45,.-.-+.B 25, 20 5% 10 /B	++97,?
9M<< ,O,.-.-+ 30 /B	+ %,,9M*+O4O.4984 ,
88 
.-.-+ 25 5% 20 ,,9M*+O4O.474




5% Fennema (1986) O/<>B<.A2+,,9M*+O4O.4%<.A2+
4- +4
4. Bergo 5% Sobral (2007) 0AP,,9M*+O4
O.4.,.-.-+ 0, 15, 30 5% 45 /B	+ .B 
,.-.-+ 
45 /B	+ %,,9M*+O4O.4984 ,.-.-+ 30 5% 15 ,
,9M*+O4O.474








valency) A,O438+.A2+5%,/%.4  
 
Table 16. Effect of exopolysaccharides and glycerol concentrations on thickness, tensile strength 




concentration (%)  





at brake  
3 
10 0.051 ± 0.001l 5.589 ± 0.085 c 25.68 ± 2.509k 
20 0.053 ± 0.001k 1.580 ± 0.018f 57.70 ± 3.203h  
25 0.064 ± 0.001j 1.141 ± 0.024h 105.01 ± 4.732f 
30 0.073 ± 0.001h 0.236 ± 0.003k 138.67 ± 4.836c 
4 
10 0.071 ± 0.001i  7.097 ± 0.078b 32.39 ± 3.228j 
20 0.085 ± 0.001g 1.781 ± 0.037d 76.92 ± 4.349g 
25 0.091 ± 0.001f 1.707 ± 0.056e 115.79 ± 5.694e 
30 0.105 ± 0.001d 0.313 ± 0.006j 152.22 ± 4.694b 
5 
10 0.102 ± 0.001e 9.671 ± 0.101a 42.39 ± 3.535i 
20 0.114 ± 0.001c 1.798 ± 0.092d 102.30 ± 3.025f 
25 0.124 ± 0.001b 1.338 ± 0.079g 128.11 ± 3.694d 
30 0.134 ± 0.001a 0.473 ± 0.003i 168.83 ± 3.229a 
89 
  4+2+*+.A2+&/AO	=B=5B,,14,.-.-+ 4 /B	+ 
5%B,.-.-+ 20 /B	+ %7*3-14-P>%1
3O3++<+1/ 
1/%3O++8+<+1/ 5%1O2+3+ (Figure 28) BA,3+
 0.085 
<< ,-++54A
 1.781 +<+<< 5%/B	+O4
O.4




4. Judith 5%,>% (2009) 0AP.A2+&/5W+
	=B=5B,,14W<14-O2  Lactobacillus  pentosus 
	=B=5B,,14
,.-.-+ 10 /B	+ 5%B,.-.-+ 25 /B	+ %7*3-P>%1

3O3++<+1/ 1/%3O++8+<+1/ =4,3+
 21 1=, ,
-++54A
 15.15 mPa 5%/B	+O4O.4
 116.69 /B	+ 
+4
4. Shaw 5%,>% (2002) 0AP.A2+&/5W+	=B=5B
,14 
	=B=5B,,14,.-.-+ 10 /B	+ 5%B,.-.-+ 10 
/B	+ %7*3-14-,-++54A
 3.5 mPa 5%/B	+O4O
.4
 20 /B	+ +4
4. Jongjareonrak 5%,>% (2006) 0AP
.A2+&/5W+<+514-3+/ =4
<+,.-.-+ 3 /B	+ 
5%B,.-.-+ 75 /B	+ %7*3-14-5W+P>%1/%3O++8
+<+1/ =4,-++54A










Figure 28. Appearance of film prepared from exopolysaccharide produced by                               
B. amyloliquefaciens CNEP003 at concentrations of 4% with 20% glycerol.  
 
90 
8. ]T^S!"$"$* <%&'&(	')$)*  
  
 8.1 9!S:c%&'&(	');*!S:c&:&"&$ad	ab$  (gel 
filtration chromatography)   Sephadex G-100 





 freeze dry %*3-,.-.-+ 2 <<
<<<+79%	=B=5B,,1414-1/7*3-
<98<=4< gel filtration 
chromatography +<4 Sephadex G-100 
8*+,+.+4 1.0 × 45 B+< 5%%
9%	=B=5B,,144-
 Tris-HCl ,.-.-+ 0.1 =  7.3 
,+ 	
9%%14-,2% 2 <<< *+344.+4 5 <<< +2++7
9%14-*+5%34<,%3+27234 
9M5914- 2 , ,O E1 



















Figure 29. Purification profile of exopolysaccharide from B. amyloliquefaciens CNEP003 on 






 8.2 ]T^ 9 ;  &" S< %  &'&(	') &:  Gel Permeation 
Chromatography (GPC) 
   O+7	=B=5B,,14W+7
<98<%*+ 0.05 M sodium 
bicarbonate buffer (pH 11) 5-4- nylon 66 membrane (.+4&8+ 0.45 1,+) 
3+2++7n4.-,O GPC BA&&5+/@+j+ (5900-788000 4+) 
(,W+ ,) =4*- Ultrahydrogel linear 5% guard column 5%*- Refractive Index Detector 
/@+
9??> 4-	 0.6 <<<+ 8>3&< 30 0BB9 /@+ 22 
+ W4
	=B=5B,,145
,9+8 B. amyloliquefaciens 
CNEP003 +273+=8
 2.33 × 106 4+ (Figure 30) BA,*-,
+273+
=8.<5B,,14W< Bacillus sp. DP-152 ,O 2 × 106 4+ (Shu et al., 1997) 
5%,*-,
+273+=8.	=B=5B,,14W<14- Bacillus sp. I-450 ,O 

























1651443 2327756 2151005 3149260 4005695 1.409529 
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 8.3 ]T^;"\Ram <%&'&(	') &: Fourier-transform infrared (FT-IR) 
microspectroscopy  
   O+7	=B=5B,,14W+7
<98<1/<,%3O33&(+
.	=B=5B,,14W<14-O2 B. amyloliquefaciens CNEP003 =4*-,+<, KBr 
(Pellet) 5%9%49
,O,O+ 4,000  400 cm-1  Figure 31 
3&(+.	
=B=5B,,14/*+,,O+ 3413.95 cm-1 O4.3&14
B< (OH) ,,O+ 2934.75 cm-1 
O4.3&< (methyl group; CH3) ,
,O+ 1631.76 cm-1 
O4.3&,
+< (C=O) (Bramhachari and Dubey, 2006; Singh 
et al., 2006) 5%,,O+ 1000-1200 cm-1 
9??>.98,=
14 (C-O-C, 
C-O) (Bremer and Geesey, 1991) BA.-&14-5/W. IR (,W+ , Table 18) 7
*3-
	=B=5B,,149414-O2 B. amyloliquefaciens CNEP003 3&14
B<5%,
B</@+ ,/%
.	=B=5B,,14    
 



















 8.4 ]T^&!*<%&'&(	') &: Nuclear Magnetic Resonance (NMR) 
Spectrometry 
   W<,%3,/%





9/ 1H NMR .	=B=5B,,14
9??>.=/+5414 (aldehyde 
proton: -COH) 753+, chemical shift  8.4 	 5%753+, chemical shift  2.2-
2.4 	 











Figure 32. The 1H NMR spectrum of exopolysaccharides from B. amyloliquefaciens CNEP003 






 <%&'&(	')*: Thin Layer 
Chromatography (TLC) 
   <,%33+<4.+27/@+,/%
.	=B=5B,,14
4-,+<, TLC =4*-7%,O+BA/%
1/4- Dichloromethane: Acetonitrile: 
Acetic acid: Water *+9+ 5: 3: 3: 1.5 =4/< =4+27%
<=+9 &=,9       
5+=+9 5%1B=9/@++27j+ 





anisaldehyde .+27j+2 4 +<4,O+27%
<=+9 &=,9 5+=+9 5%1B=9 
, Retention factor (Rf) 
 0.35, 0.26, 0.29 5% 0.46 74
 9+	=B=5B,,14
W< B. amyloliquefaciens CNEP003 *3-, Rf 




2 4 +<4 
+27%




W< B. amyloliquefaciens CNEP003 
%9.5%9+27.- BA
9.+27
j+&=,95%5+=+9 4594*+ Figure 33  
   4+2+<,%33+<4.+27/@+,/%
.	=B=  





4        
. Barbara 5%,>% (2002) 0AP,/%
.	=B=5B,,14W<O2 
Bacillus thermantarcticus 4001 
	=B=5B,,14W<14-/%
4-+27&=,9
5%5+=+9 *+9+ 1:0.1 +4
4. Kae 5%,>% (2002) 0AP
,/%
.	=B=5B,,14W<O2 Bacillus megaterium 514-+27% 














Figure 33. Thin layer chromatogram (TLC) of EPS samples (Lane 1: arabinose, Lane 2: glucose, 
Lane 3: hydrolysed EPS of B. amyloliquefaciens CNEP003, Lane 4: mannose and 
Lane 5: xylose). 
Solvent front 
Origin 
Rf = 0.29 Rf = 0.26 








4-,+<, HPLC =4=,=5<,%35944 Figure 34 
, 4 , BA,
 1, 2 5% 3 , retention time 
 10.772, 11.477 5% 12.623 + BA
+27
j+&=,9 5+=+9 5%%
<=+9 (,W+ , *+ Figure 38, 39 5% 40) O2+*-,
,<4/@+-% 58.39, 28.18 5% 7.36 .,=
14 74
 9+, 4 , retention 
time 
 13.392 + BA1
+27j++<4*4 BA+%/@+9/+/+O+
<44-4 (Smitinont et al., 1999) W<,%3594*3-3	+	=B=
5B,,14O2 B. amyloliquefaciens CNEP003 /%










<=+9 *+.>%,+<, TLC O+++27&=,95%5+=+9 51




%<,%34-< TLC BA,1*+<,%3+277,+<, HPLC  







,-+14-5+. Singh 5%,>% (2006) 0AP
,/%






4. Maria 5%,>% (1996) 0AP,/%
.	












.32O2 5%9%*-*+2O2 (De Vuyst and Degeest, 1999; Looisjesteijn et 
al., 1999; Tallon et al., 2003; Lin et al., 2005) +4. Gokcen 5%,>% (2008) 0AP
,/%
.	=B=5B,,14W< Pseudomonas aeruginosa G1 5% 
96 
Pseudomonas putida G12 
	=B=5B,,14W< P. aeruginosa G1 /%
4-
5+=+95%&=,9 *+9+ 3:1 *+.>%	=B=5B,,14W< P. putida G12 
/%
4-5=95%&=,9 *+9+ 2:0.5 +4
4. Grobben 5%
,>% (1997) 0AP,/%
.	=B=5B,,14W< Lactobacillus debruekii 









5=9 &=,9 5%5=+9 *+9+ 11:1:0.4 +4
4. Torino 5%
,>% (2001) 0AP,/%





4-&=,95%5=9 *+9+ 1:1 *+.>% 
4.5 5% 5.0 	=B=5B,,1414-/%
















Figure 34. HPLC chromatogram of exopolysaccharides produced by B. amyloliquefaciens 
CNEP003. 
Retention Area Area % 
10.772 1597.5970 58.3467 
11.477 1112.5330 31.1531 
12.623 265.9140 7.3432 













$)%!% 76 !./ ")*7')#
$ YPM, SWM ' ZMB %1
#
"+(+ 19 !./#+*1"2,-	./.(+'/!%0!%1A 7%)!./+*
1"2,-	./.(+'/!%0!%1A+*1B%$$)(+ 5 !./ '")*7# 5 !./ 
) CNEP003, CNEP012, CNEP070, CNEP071 ' CNEP079 "+#$ YPM, SWM 
' ZMB (







 3.07 ""/0 






-4 16S rDNA (
'
++!./ CNEP003, CNEP070 
' CNEP071 "+"1"(N0+
)# Bacillus amyloliquefaciens NBRC 15535T (99 
0/	0) "!./ CNEP012 "+"1"(N0+
)# Bacillus 
subtilis NBRC13719T (99 0/	0) 1!./ CNEP079 "+"1"(N0+
 
Pseudoalteromonas ganghwensis FR1302T (98 0/	0) 
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" 60 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" 
8.47 "- Y'$!. (+ 7.5 .%+#+*B4$A"- 45  //+1 Y 96 
*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 1.781 -"--" '0/	0)%
")*%
 76.92 0/	0 
 ")* J3B41"
-"+
)#	./.(+'/!%0+*)# B. amyloliquefaciens 
CNEP003 ,-!% (
#7$."B	./.(+'/!%0"+[+*
 2.33 × 106 
% %% Gel permeation Chromatography (GPC) ")*-$0$"AK0	






- Nuclear Magnetic Resonance (NMR) (
1qq4+*r 1H NMR "+1qq4
.'%+!o%0 (aldehyde proton: -COH) '1qq4.!o%/- (OH) '")*
-$0#7+*Y0
	./.(+'/!%0%- High Performance 
Liquid Chromatography (HPLC) (
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Figure 35. Standard curve of protein by Lowry method. 
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Figure 36. Standard curve of total sugar by phenol-sulfuric method. 
 
3. 	 anisaldehyde   
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Table 17. Isolates, medium, source and location for the isolation marine bacteria producing 
exopolysaccharides. 
Isolates Medium Source Location 
CNEP001 SWM Algae Seawater hot spring, Karbi province 
CNEP002 SWM Rock Seawater hot spring, Karbi province 
CNEP003 YPM Plastic Seawater hot spring, Karbi province 
CNEP005 SWM Plastic Seawater hot spring, Karbi province 
CNEP007 SWM Plastic Seawater hot spring, Karbi province 
CNEP008 SWM Plastic Seawater hot spring, Karbi province 
CNEP009 SWM Plastic Seawater hot spring, Karbi province 
CNEP011 YPM Plastic Seawater hot spring, Karbi province 
CNEP012 YPM Plastic Seawater hot spring, Karbi province 
CNEP013 YPM Rock Seawater hot spring, Karbi province 
CNEP014 YPM Plastic Seawater hot spring, Karbi province 
CNEP015 ZMB Plastic Seawater hot spring, Karbi province 
CNEP016 ZMB Plastic Seawater hot spring, Karbi province 
CNEP017 ZMB Shell Seawater hot spring, Karbi province 
CNEP018 ZMB Sea water Seawater hot spring, Karbi province 
CNEP019 ZMB Algae Fossil Records, Karbi province 
CNEP020 ZMB Coral Fossil Records, Karbi province  
CNEP021 ZMB Rock Pak Meng Beach, Trang province 
CNEP022 ZMB Shell Pak Meng Beach, Trang province 
CNEP023 ZMB Metal Pak Meng Beach, Trang province 
CNEP024 ZMB Metal Pak Meng Beach, Trang province 
CNEP025 ZMB Sand Sarasin Bridge, Phuket province 
CNEP026 ZMB Sand Sarasin Bridge, Phuket province 
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Table 17. (cont.) 
Isolates Medium Source Location 
CNEP027 YPM Plant Phang-nga Bay, Phangnga province 
CNEP028 YPM Plant Phang-nga Bay, Phangnga province 
CNEP029 YPM Shell Phang-nga Bay, Phangnga province 
CNEP030 YPM Shell Phang-nga Bay, Phangnga province 
CNEP031 YPM Plastic Phang-nga Bay, Phangnga province 
CNEP032 YPM Rock Phang-nga Bay, Phangnga province 
CNEP033 YPM Plant Phang-nga Bay, Phangnga province 
CNEP034 YPM Plastic Phang-nga Bay, Phangnga province 
CNEP035 YPM Plastic Phang-nga Bay, Phangnga province 
CNEP036 YPM Plastic Phang-nga Bay, Phangnga province 
CNEP037 YPM Rock Pak Meng Beach, Trang province 
CNEP038 YPM Shell Pak Meng Beach, Trang province 
CNEP039 YPM Shell Pak Meng Beach, Trang province 
CNEP040 YPM Shell Pak Meng Beach, Trang province 
CNEP041 YPM Metal Pak Meng Beach, Trang province 
CNEP042 YPM Metal Pak Meng Beach, Trang province 
CNEP043 YPM Metal Pak Meng Beach, Trang province 
CNEP045 YPM Sand Sarasin Bridge, Phuket province 
CNEP046 YPM Sand Sarasin Bridge, Phuket province 
CNEP047 YPM Sponge Sarasin Bridge, Phuket province 
CNEP048 YPM Sponge Sarasin Bridge, Phuket province 
CNEP049 YPM Plant Phang-nga Bay, Phangnga province 
CNEP050 YPM Algae Pak Meng Beach, Trang province 
CNEP051 SWM Shell Fossil Records, Karbi province 
CNEP052 SWM Metal Fossil Records, Karbi province 
CNEP053 SWM Algae Fossil Records, Karbi province 
CNEP054 SWM Algae Fossil Records, Karbi province 
CNEP055 SWM Coral Fossil Records, Karbi province 
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Table 17. (cont.) 
Isolates Medium Source Location 
CNEP056 SWM Plant Phang-nga Bay, Phangnga province 
CNEP057 SWM Shell Phang-nga Bay, Phangnga province 
CNEP058 SWM Plastic Phang-nga Bay, Phangnga province 
CNEP059 SWM Rock Phang-nga Bay, Phangnga province 
CNEP060 SWM Rock Phang-nga Bay, Phangnga province 
CNEP061 SWM Plant Phang-nga Bay, Phangnga province 
CNEP062 SWM Plant Phang-nga Bay, Phangnga province 
CNEP063 SWM Plant Phang-nga Bay, Phangnga province 
CNEP064 SWM Plastic Phang-nga Bay, Phangnga province 
CNEP065 SWM Plastic Phang-nga Bay, Phangnga province 
CNEP066 SWM Plastic Phang-nga Bay, Phangnga province 
CNEP067 SWM Plastic Phang-nga Bay, Phangnga province 
CNEP068 SWM Algae Pak Meng Beach, Trang province 
CNEP069 SWM Rock Pak Meng Beach, Trang province 
CNEP070 YPM Shell Pak Meng Beach, Trang province 
CNEP071 YPM Metal Pak Meng Beach, Trang province 
CNEP072 SWM Metal Pak Meng Beach, Trang province 
CNEP073 SWM Sand Sarasin Bridge, Phuket province 
CNEP074 SWM Sand Sarasin Bridge, Phuket province 
CNEP075 SWM Sand Sarasin Bridge, Phuket province 
CNEP076 SWM Sand Sarasin Bridge, Phuket province 
CNEP077 SWM Rock Phang-nga Bay, Phangnga province 
CNEP078 SWM Sand Sarasin Bridge, Phuket province 
CNEP079 YPM Sand Sarasin Bridge, Phuket province 


































































































































































Mol Wt (Daltons) Retention Time (min) Log Mol Wt 
788000 11.950 5.896526 
404000 12.333 5.606381 
112000 13.223 5.049218 
47300 13.952 4.674861 
22800 14.632 4.357935 
5900 15.631 3.770852 
 





Table 18. Major functional groups of exopolysaccharides observed with FT-IR. 
Wave number  
(cm-1) 
Functional group Functional type Reference 
36700-3230 OH (hydroxyl) OH in polymeric 
compound 
Singh et al., 2006 
3230-3000 CH3, C=H  Singh et al., 2006 
2950-2900 C-H stretching  Singh et al., 2006 
2900-2850 C-H stretching   Singh et al., 2006 
1750-1740 C=O Carboxylic acid Singh et al., 2006 
1670-1650 C-H and C=O Amide I (protein 
peptidic bond) 
Bramhachari and Dubey, 2006 
1550-1535 C-N and N-N  Amide II (protein 
peptidic bond) 
Bramhachari and Dubey, 2006 
1470-1460 CH2  Bramhachari and Dubey, 2006 
1410-1400 C=O and OH  Caboxylic acid 
Alcohols and phenols 
Bramhachari and Dubey, 2006 
1200-1000 C-O-C Polysaccharides Bremer and Geesey, 1991 
<1000  Fingerprint 
Zone 
Phosphate or sulphur 
functional groups 
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